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Summary
Background:  Assessment  for  retreatment  with  TACE  (ART)  score  evaluates  whether  hepatocellu-
lar carcinoma  (HCC)  patients  can  benefit  from  transcatheter  arterial  chemoembolization  (TACE)
retreatments.  As  previously  reported,  TACE  has  a  good  prognostic  effect  on  patients  with  ART
score of  0—1.5,  while  patients  with  ART  score  ≥  2.5  might  have  minor  or  even  no  prognostic  ben-
efits. Our  study  verified  whether  ART  score  can  guide  multiple  TACE  retreatments  in  Chinese
patients  presenting  with  HCC.
Method:  Nine  hundred  and  thirty-four  patients  presenting  with  HCC  and  treated  with  TACE  were
recruited from  January  2008  to  June  2012,  at  which  point  137  patients  had  been  treated  with
TACE at  least  twice  and  could  be  assessed  by  ART  score.  Patients  were  assessed  by  ART  score
before the  second,  third,  and  fourth  TACE  treatment,  and  divided  into  0—1.5  group  and  ≥  2.5
group. Overall  survival  (OS)  of  both  groups  was  compared,  and  patients  were  further  evaluated
on whether  TACE  retreatment  was  beneficial.
Results:  Before  the  second,  third,  fourth  TACE  treatment,  the  median  OS  (95%  CI)  was  respec-
tively 25.0  (21.1—28.0)  months,  29.0  (22.0—36.0)  months  and  24.3  (8.2—40.4)  months  for
patients with  ART  score  0—1.5.  18.0  (14.5—21.5)  months,  14.0  (6.4—21.6)  months  and  22.0
(11.8—32.3)  months  for  patients  with  ART  score  ≥  2.5.  (P  values  were  0.036,  0.011  and  0.152
respectively).
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
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Conclusion:  Our  results  are  consistent  with  previous  study  that  before  TACE  treatment,  patients
should be  assessed  by  ART  scor
compared  those  with  an  ART  sco
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Table  1  ART  score  sheet.

Score

Radiological  tumor  response
Absent  1
Present 0

AST increased  by  >  25%
Present  4
Absent  0

Child—Pugh  score  increase
1 point  1.5
≥ 2  points  3
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epatocellular  carcinoma  (HCC)  is  the  most  common  malig-
ant  tumor  in  the  clinic.  More  than  0.6  million  HCC  patients
re  diagnosed  every  year  around  the  world,  and  HCC  is  rec-
gnized  as  the  second  leading  cause  of  death  among  patients
resenting  with  malignant  tumors  [1].  China  is  a  high-prone
rea  for  HCC,  and  hepatitis  B  is  an  endemic  disease  for  the
hole  country,  which  accounts  for  54%  [2]  of  all  new  and
eath  cases  for  HCC  globally.

At  present,  the  Barcelona  Clinic  Liver  Cancer  (BCLC)  stag-
ng  system  is  most  commonly  used  for  HCC  staging  [3,4],
s  supported  by  the  European  Association  for  the  Study
f  Liver  (EASL)  [5,6].  According  to  BCLC,  HCC  is  divided
nto  five  stages,  and  distinguished  anti-neoplastic  proto-
ols  are  chosen  for  different  stages.  Radical  treatments  for
CC  currently  include  liver  transplantation,  hepatectomy,
ercutaneous  ethanol  injection  (PEI),  radiofrequency  abla-
ion,  among  others.  These  treatments  are  only  applicable  to
arly-stage  HCC  patients.  However,  most  HCC  patients  are
ound  at  an  advanced  stage,  without  any  opportunities  for
adical  treatment  [7].

According  to  a  randomized  controlled  meta-analysis  [8],
ACE  treatment  is  a  recommended  treatment  protocol  for
ntermediate-stage  HCC  (BCLC  Stage  B),  which  is  asymp-
omatic,  large,  multiple  and  has  no  macrovascular  invasion
r  extra-hepatic  metastasis.

For  most  patients,  HCC  is  merged  with  liver  cirrhosis,
hus  both  HCC  and  the  extent  of  damage  to  liver  function
ill  influence  the  TACE  prognosis.  Some  researchers  [9]  have

ndicated  that  the  baseline  characteristics  of  HCC,  such  as
he  size,  tumor  range,  AFP  value,  and  baseline  Child-Pugh
core  and  whether  it  is  merged  with  ascites,  are  all  related
o  the  OS  of  HCC  patients.  TACE  post-operative  radiography
nd  AFP  response  are  also  closely  related  to  the  prognosis
f  HCC  patients  [10—12].

Deterioration  of  liver  function  after  TACE  cannot  be  over-
ooked.  If  further  deterioration  of  liver  function  occurs,  the
atient  cannot  conduct  TACE  retreatment,  and  might  not
ven  be  considered  for  additional  anti-tumor  therapy.  In  this
ase,  what  is  the  criterion  that  can  guide  whether  patients
an  be  considered  for  TACE  retreatments  if  they  need  it?  The
RT  score  can  be  used  as  a  reference  based  on  recent  perti-
ent  research  [13,14],  but  patients  studied  in  geographical
reas  of  those  published  works  were  markedly  different  from
atients  that  present  in  China  in  respect  of  disease  patho-
enesis,  disparate  regions,  and  other  factors.

Our  study  will  further  discuss  whether  the  ART  score  is
pplicable  to  patients  with  hepatitis  B  as  the  main  pre-
enting  disease  in  China.

The  purpose  of  this  study  was  to  verify  whether  the  ART
core  is  applicable  to  HCC  patients  who  need  repeated  TACE
reatments  at  our  hospital.  The  ART  score  (Table  1)  [13]  is
ecognized  as  an  effective  tool  to  predict  whether  a  HCC
atient  can  benefit  from  TACE  retreatment.

In  the  pertinent  studies  [13,14],  the  selected  patients
ere  recruited  mainly  from  non-Eastern  Asian  populations,
hile  this  research  targeted  Chinese  patients  at  our  hospital
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
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hat  presented  with  viral  hepatitis,  and  especially  with  hep-
titis  B  virus  (76%)  as  the  main  pathogenesis.  In  this  case,
he  population  constitution  was  quite  different  from  that

•
•

Absent  0

AST: aspartate transaminase.

reviously  published  research  [13,14]. As  reported,  the  ART
core  could  be  applied  to  evaluate  the  feasibility  of  TACE
etreatment  for  HCC  patients.  In  line  with  the  study,  we
lso  applied  the  ART  score  to  patients  before  the  second,
hird,  and  fourth  TACE  treatments,  and  further  verified  the
pplicability  of  the  ART  score  to  patients  at  our  hospital  for
ultiple  TACE  treatments,  which  was  done  by  comparing  the
rognosis  for  two  different  groups,  which  were  divided  on
he  basis  of  ART  score  ranges.

atients and methods

nclusion  criteria

ne  hundred  and  thirty-seven  patients  were  selected  as
hose  presenting  with  a  diagnosis  of  HCC  (all  of  these
atients  were  complicated  with  cirrhosis)  and  were  treated
ith  TACE  from  January  2008  to  June  2012  at  The  Third
entral  clinical  college  of  Tianjin  Medical  University,  with
ollow-up  until  June  2015.  Before  the  first  TACE  treatment,
ll  patients  were  above  18  years  old  and  diagnosed  with  HCC
y  histology  or  dynamic  image  (CT  or  MRI).  This  meant  that
he  patients  met  the  EASL  standard  [15]  for  TACE  treatment.
he  HCC  patients  were  in  the  BCLC  Stages  A,  B,  and  C,  but
atients  in  Stage  C  only  included  those  that  had  branch  por-
al  vein  tumor  thrombus,  and  yet  the  main  portal  vein  and
ther  branches  could  maintain  good  blood  supply  and  liver
unction  and  were  Child-PughA  or  B.  All  selected  patients
ad  been  treated  with  TACE  at  least  twice  and  the  time
nterval  should  not  exceed  more  than  90  days.

xclusion  criteria

hey  are  as  follows:

 patients  had  received  liver  transplantation,  hepatectomy,
radiofrequency  ablation,  or  PEI;

 liver  function  was  at  Child-Pugh  C;
 the  patient  was  BCLC  Stage  C  and  had  main  portal  vein

tumor  thrombus  or  distant  metastasis;
 ECOG  score  was  >  1;
epatocellular  carcinoma:  An  appraisal  of  its  applicability.
016/j.clinre.2016.05.005

 patients  had  poor  portal  blood  flow;
 patients  were  fully  responsive  to  the  first  TACE  treatment

and  TACE  retreatment  was  not  required.

dx.doi.org/10.1016/j.clinre.2016.05.005
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Figure  1  Stud

ART  score

The  evaluation  was  combined  with  a  radiographic  response,
deterioration  of  liver  function.  The  patients  were  divided
into  two  groups  based  on  the  ART  score  (Table  1).  One  group
had  an  ART  score  between  0—1.5  and  another  group  had  an
ART  score  ≥  2.5.  Differential  prognosis  could  further  indi-
cate  which  group  could  not  benefit  from  the  next  TACE
treatment.

Data  collection

This  study  was  a  retrospective  analysis  and  was  approved
by  The  Third  Central  clinical  college  of  Tianjin  Medical  Uni-
versity  Ethics  Committee  and  all  individuals  gave  informed
consent.

CT  or  MRI  inspection  was  intensified  5—7  days  before  the
first  TACE  treatment.  HCC  staging  was  based  on  the  BCLC
staging  system  [5,6],  and  the  6th  version  of  UICC  (TNM)
(International  Union  against  Cancer  TNM  Classification)  [16].

Oncology  response  evaluations  were  based  on  the  EASL
standard  [15]  that  resulted  from  CT  or  MRI  inspection  that
was  intensified  before  the  second,  third,  and  fourth  TACE
treatment  (i.e.,  90  days  within  the  last  TACE  treatment).
Objective  oncological  response  was  defined  as  the  par-
tial  response  of  the  last  TACE  treatment;  however,  stable
or  progressive  lesions  were  recognized  as  ‘‘no  objective
response’’.

In  the  laboratory,  AFP  and  liver  function  parameters
including  Child-Pugh  score  [17]  were  all  examined  one  day
before  every  TACE  treatment.  In  addition,  dynamic  changes
of  the  Child-Pugh  score  were  monitored  before  every  TACE
treatment.  All  changes  for  other  relevant  liver  function
parameters,  between  every  TACE  treatment  were  described
in  the  statistics  section.  The  AFP  response  was  defined  as  an
AFP  >  200  ng/ml  before  TACE,  and  decreased  by  more  than
50%  after  TACE.  The  AFP  was  divided  into  three  groups  when
conducting  univariate  analysis:
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
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•  an  AFP>  200  ng/ml  and  displayed  a  response  after  TACE;
•  AFP  >  200  ng/ml  and  displayed  no  response  after  TACE;
•  an  AFP  <  200  ng/ml  before  TACE.
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sign  roadmap.

ACE  procedure

efore  conducting  TACE  treatment  in  The  Third  Central
linical  college  of  Tianjin  Medical  University  (the  type  of
hemoembolisation  of  HCC  were  all  cTACE,  all  patients  could
e  performed  superselective  TACE),  HCC  was  clearly  diag-
osed.  All  HCC  patients  were  in  BCLC  stages  A,  B,  and  C.
t  should  be  noted  that  patients  in  stage  C  only  included
hose  that  had  branch  portal  vein  tumor  thrombus.  By  con-
rast,  under  situations  where  the  main  portal  vein  and  other
ranches  could  maintain  good  blood  supply  and  liver  func-
ion,  this  was  defined  as  Child-Pugh  A  or  B.  That  said,  all
CLC  patients  in  stages  A,  B  and  C  could  be  treated  with
ACE,  and  TACE  retreatment  could  be  further  decided  upon
ased  on  the  radiographic  results  as  to  whether  the  tumor
as  active.  The  research  design  is  shown  in  Fig.  1.

According  to  the  differential  diagnostic  criteria,  we
pplied  ART  score  on  patients  before  their  second,  third,  and
ourth  TACE  treatment.  Overall  death  rates  were  defined
rom  the  time  that  patients  were  diagnosed  with  HCC  to  the
ime  of  death,  or  to  the  last  follow-up.  After  a  series  of  ART
core,  the  prognosis  for  differential  ART  score  before  each
ACE  treatment  was  compared  with  the  aim  of  analyzing
hether  there  was  a  statistically  significant  difference.

tatistics  analysis

tatistical  descriptions  were  conducted  before  the  first  and
econd  TACE  treatment  for  the  patients.  The  Kaplan-Meier
ethod  was  applied  to  calculate  the  survival  curves,  and

he  median  survival  and  95%  confidence  intervals  were
eported.  Log-rank  test  (timing  inspection)  was  used  to  eval-
ate  patient  variable  related  to  OS  (before  the  first  and
econd  TACE  treatment),  tumor  response  variable,  and  liver
unction  deterioration  variable  (between  the  first  and  sec-
nd,  second  and  third,  third  and  fourth  TACE  treatment).
hese  diagrams  were  the  basis  for  selecting  clinical  sensi-
ivity  and  appropriate  conversions  between  each  variable.
epatocellular  carcinoma:  An  appraisal  of  its  applicability.
016/j.clinre.2016.05.005

ll  the  reported  P  values  were  bilateral,  and  the  significant
ifferences  were  set  at  an  alpha  value  of  P  <  0.05.  The  IBM
PSS  statistics  21  software  package  was  used  for  statistical
nalyses.

dx.doi.org/10.1016/j.clinre.2016.05.005
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Table  2  Characteristics  of  the  selected  patients  for  ART  score  in  The  Third  Central  clinical  college  of  Tianjin  Medical  University.

N  %

Pre-TACE-1  137
Age (years)  Mean  ±  SD  59.8  ±  8.7

Range  36—81
Sex Male  102  74

Female 35  26
Etiology HBV  104  76

HCV 17  12
Others 16  12

Child-Pugh stagea

A  69  50
B 7  points  27  20
≥ 8  points  41  30

Tumor size  (cm)  Mean  (P25,  P75)  5.2  (3.4,  7.6)
Range  1.2—25.0

Tumor extent Unilobar  41  30
Bilobar 96  70

Tumor number Unifocal  27  20
Multifocal  110  80

BCLC-stage A  13  10
B 97  71
C 27  19

TNM stage I  32  23
II 45  33
III 60  44

a-Fetoprotein  (ng/ml) <  200b 75  55
≥ 200 61  45

Pre-TACE-2
Child-Pugh stage  A  78  57

B7 points  26  19
≥ 8  points  33  24

a-Fetoprotein  (ng/ml)a <  200  81  59
≥ 200  44  32

HBV: hepatitis B virus infection; HCV: hepatitis C virus infection; BCLC: Barcelona Clinic Liver Cancer; TNM: Tumor Nodes Metastasis.
a 12 missing values.
b
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One missing value.

esults

haracteristics  of  patients

he  characteristics  of  all  patients  before  the  first  and  second
ACE  treatment  were  shown  in  Table  2.  The  detailed  groups
re  in  Fig.  2.

All  the  selected  patients  were  treated  with  TACE  at  least
wice.  Between  the  first  and  second  TACE  treatments,  there
ere  32  subjects  that  displayed  a  Child-Pugh  score  that

ncreased  by  at  least  one  score,  59  subjects  that  exhibited
 Child-Pugh  score  that  remained  unchanged,  and  46  sub-
ects  that  had  a  Child-Pugh  score  that  decreased  at  least
ne  score.  Before  the  second  TACE  treatment,  79  patients
57.6%  of  total  patients)  had  a  Child-PughA  cirrhosis.  Over-
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
Clin  Res  Hepatol  Gastroenterol  (2016),  http://dx.doi.org/10.1

ll,  patients  were  treated  with  TACE  five  times  as  the  median
2—13  as  the  range),  and  the  time  interval  between  the
rst  and  second  TACE  treatments  was  52  days  as  the  median
31—90  as  the  range).

a
r
2
r

nivariate  analysis  of  prognostic  factors

t  was  determined  that  86%  of  the  selected  137  patients
ied  during  the  follow-up  period  from  January  2008  to  June
015  (n  =  118),  while  14%remained  alive  (n  =  19).  Overall,  the
edian  survival  time  (95%CI)  was  23  (19.9—26.1)  months.
We  could  determine  from  the  univariate  analysis

n  Table  3  that  long-term  survival  was  significantly
ffected  by  the  number  of  tumors  (P  =  0.044),  BCLC  Stage
P  =  0.008),  AFP  value  (P  =  0.002),  AFP  response  (P  < 0.0001)
nd  radiographic  response  (P  =  0.001).  Improved  progno-
is  was  obtained  if  variables  of  the  tumor  response,
uch  as  radiographic  response  (median  survival  (95%CI):
esponse/no  response  was  31/12.3  (25.6—36.4/9.9—14.7)
onths,  P  =  0.001),  or  AFP  response  (response  is  defined
epatocellular  carcinoma:  An  appraisal  of  its  applicability.
016/j.clinre.2016.05.005

s  >  50%  decrease  of  AFP)  (median  survival  95%CI):
esponse/no  response/base  line  for  AFP  <  200  ng/ml  was
2/13.5/30.6  (16.4—27.6/10.3—16.7/26.6—34.6)  months
espectively,  P  <  0.001  had  response  as  compared  with

dx.doi.org/10.1016/j.clinre.2016.05.005
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Figure  2  Situations  for  patients  selected  for  ART  score  in  The

no  response,  and  significant  statistical  difference  was
observed.

The  effect  of  deterioration  of  liver  function  to  patients
before  the  second  TACE  treatments  as  compared  with
before  the  first  TACE  treatments  was  evaluated  next.  In
relevant  studies  [13,14],  it  was  indicated  that  patients
would  have  a  poorer  prognosis  if  their  AST  increased
by  >  25%  and  the  Child-Pugh  score  increased  ≥  1  score.
In  our  study,  patients  also  had  a  poorer  prognosis  with
increased  AST  and  a  poorer  Child-Pugh  score.  More
specifically,  patients  with  or  without  >  25%  increase  in
AST  had  a  median  survival  time  (95%CI)  of  24.0/18.5
(20.9—27.1/14.5—22.5)  months  respectively  (P  =  0.070).
Patients  with  no  increase,  1  score  increase  or  ≥  2  score  in
the  Child-Pugh  score  had  a  median  survival  time  (95%CI)
of  24.0/22.0/18.0  (20.1—27.9/18.6—25.4/0—40.2)  months
respectively  (P  =  0.646).  Thus,  there  was  no  significant
difference.

Predictor  for  overall  survival  and  univariate
analysis
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
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In  our  study,  the  survival  rates  for  more  than  1,  3  or  5  years
were  76.6,  26.3  and  4.4%,  respectively.

In  univariate  analysis  (Table  3),  the  significant  param-
eters  tumor  numbers,  AFP  value,  AFP  response  and

t
0
(
0

rd  Central  clinical  college  of  Tianjin  Medical  University.

adiographic  response  before  the  second  TACE  were  entered
nto  a  Cox  regression  analysis.

After  the  stepwise  removal  of  variables  which  were  not
ignificant,  only  BCLC  stages,  radiologic  tumor  response,  AFP
esponse  (Table  4)  remained  significant  predictors  of  OS.

RT  score

atients  were  divided  into  two  groups  before  the  second,
hird,  and  fourth  TACE  treatments  based  on  the  ART  score
i.e.,  the  ART  score  was  0—1.5  for  the  first  group  and  ≥  2.5
or  the  second  group)  [13,14].  In  our  studied  population,
efore  the  second  TACE  treatment,  79  patients  had  ART
core  0—1.5  and  58  had  ART  score  ≥  2.5  (median  survival
95%CI)  was  25.0/18.0  (21.2—28.8/14.5—21.5)  months  for
—1.5/≥  2.5  respectively;  P  =  0.036).  As  shown  in  Fig.  3A,
oth  groups  had  significant  differences.  Before  the  third
ACE  treatment,  43  patients  had  ART  score  0—1.5  and  32
ad  ART  score≥2.5,  where  in  median  survival  (95%CI)  was
9.0/14.0  (22.0—36.0/6.4—21.6)  months  for  the  0—1.5  and

 2.5  scores  respectively;  P  =  0.011.  As  shown  in  Fig.  3B,  both
roups  displayed  a  statistically  significant  difference.  Before
epatocellular  carcinoma:  An  appraisal  of  its  applicability.
016/j.clinre.2016.05.005

he  fourth  TACE  treatment,  27  patients  had  ART  score  of
—1.5  and  11  had  ART  score  ≥  2.5,  and  the  median  survival
95%CI)  was  24.3/22.0  (8.2—40.4/11.8—32.3)  months  for  the
—1.5  and  ≥  2.5  respectively  (P  =  0.152;  Fig.  3C).

dx.doi.org/10.1016/j.clinre.2016.05.005
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Table  3  Univariate  analysis  of  prognostic  factors  in  HCC  patients  treated  with  TACE.

Overall  Survival
(months)

P-value
(Log  Rank)

Variable  N  =  137  Median  95%  CI

Age
<  65  102  22  19.1—24.9
≥ 65  35  27  19.8—34.2  0.78

Child-Pugh stagea

A  69  25  19.2—30.8
B 7  point  27  27  15.1—38.9
≥ B  8  point  41  18.5  12.6—24.4  0.103

Etiology
HBV 104  22  18.8—25.2
HCV 17  31  3.17—58.8
Others 16  24  13.4—34.6  0.51

Tumor extent
Unilobar  41  25  18.7—31.3
Bilobar 96  22  18.9—25.1 0.273

Tumor number
Unifocal  27  25  19.9—30.1
Multifocal  110  22  18.9—25.1  0.044

Tumor size  (cm)c

<  7.5  99  23  20.6—25.4
≥ 7.5 35  20  11.3—28.7  0.871

BCLC-stage
A 13  27  10.6—43.4
B 97  24  20.0—28.0
C 27  13  8.8—17.2 0.008

TNM stage
I  32  29.3  19.2—39.4
II 45  24.3  19.7—28.9
III 60  17.5  13.2—21.8  0.052

a-Fetoprotein  (ng/ml)
<  200  76  29.3  24.7—33.9
≥ 200  61  16  11.7—20.3  0.002

AFP response  (ng/ml)b

AFP  >  200:  no  response  38  13.5  10.3—16.7
AFP >  200:  response  18  22  16.4—27.6
AFP <  200  68  30.6  26.6—34.6  <  0.001

Radiologic tumor  Response
Present  78  31  25.6—36.4
Absent 59  12.3  9.9—14.7  0.001

AST increase  >  25%
Absent  86  24  20.9—27.1
Present 51  18.5  14.5—22.5  0.07

Child-Pugh score
Increase  absent  102  24  20.1—27.9
+1 point  27  22  18.6—25.4
+≥ 2  point  8  18  0—40.2  0.646

ART2 Score
0∼1.5  79  25  21.2—28.8
≥ 2.5  58  18  14.5—21.5  0.036

ART3 Score
0∼1.5  43  29  22.0—36.0
≥ 2.5  32  14  6.4—21.6  0.011

ART4 Score
0∼1.5  27  24.3  8.2—40.4
≥ 2.5  11  22  11.8—32.3  0.152

BCLC: Barcelona Clinic Liver Cancer; TNM: Tumor Nodes Metastasis; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
a Pre-TACE 2.
b Thirteen patients had missing values, AFP response was defined by a decrease of > 50% from baseline levels.
c Three patients had missing values.

dx.doi.org/10.1016/j.clinre.2016.05.005
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Table  4  Results  of  multivariate  stepwise  backward  Cox  regression  analysis  of  prognostic  factors  in  patients  with  HCC  treated
with TACE.

Overall  survival  P-value

Variable  HR  95%  CI  B  (Cox  regression)

BCLC-stage  1.468  1.013—20128  0.384  0.042—
Radiologic tumor  response  0.301  0.203—0.444  —1.202  0.000
AFP response  0.817  0.691—0.966  −0.202  0.018—

Figure  3  (1)  In  the  following  figures  (A—C),  ‘‘1’’  refers  to  a  group  with  an  ART  score  0—1.5  and  ‘‘2’’  refers  to  a  group  with  an
ART score  ≥  2.5.  (2)  All  patients  data  were  from  The  Third  Central  clinical  college  of  Tianjin  Medical  University;  (3)  X-coordinate
presents time  (months),  Y-coordinate  presents  probability.  (A).  The  relationship  between  ART  score  and  OS  before  the  second
TACE treatment  for  patients,  the  median  OS  (95%CI)  was  respectively  0—1.5  (n  =  79),  25.0  (21.2—28.8)  months;  ≥  2.5  (n  =  58),  18.0
(14.5—21.5) months.  P  =  0.036.  (B).  The  relationship  between  ART  score  and  OS  before  the  third  TACE  treatment  for  patients,  the
median OS  (95%  CI)  was  respectively  0—1.5  (n  =  43),  29.0  (22.0—36.0)  months;  ≥  2.5  (n  =  32),  14.0  (6.4—21.6)  months.  P  =  0.011.  (C).
The relationship  between  ART  score  and  OS  before  the  fourth  TACE  treatment  for  patients,  the  median  OS  (95%  CI)  was  respectively
0—1.5 (n  =  27),  24.3  (8.2—40.4)  months;  ≥  2.5  (n  =  11),  22.0  (11.8—32.3)  months.  P  =  0.152.  (D).  The  relationship  between  every  ART
score and  OS  before  the  second  TACE  treatment  for  patients.

dx.doi.org/10.1016/j.clinre.2016.05.005
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iscussion

ACE  has  been  widely  applied  in  the  clinical,  and  an  inter-
ational  directory  also  points  out  that  TACE  can  be  used
s  a  non-curative  and  first-line  treatment  [15]  for  patients
hat  present  with  middle-  or  early-stage  HCC  but  are  oth-
rwise  unsuitable  for  surgery  or  radiofrequency  ablation.
ome  studies  have  indicated  that  repeated  TACE  treatments
ay  increase  tumor  response  and  survival  [18],  and  typical
CC  patients  need  to  conduct  more  than  three  rounds  of
ACE  treatments  to  obtain  the  best  radiographic  response
8,9,13,18,19].  However,  some  patients  may  not  benefit
rom  TACE  retreatment  under  some  situations,  TACE  retreat-
ent  may  lead  to  deterioration  of  liver  function  or  elicit

 poorer  prognosis.  Moreover,  most  patients  are  diagnosed
ith  HCC  combined  with  liver  cirrhosis,  and  thus  have  poten-

ial  incentive  for  deterioration  of  liver  function.  Long-term
urvival  or  even  the  next  treatment  will  be  impacted  if  dete-
ioration  of  liver  function  is  evident  after  TACE  treatment.
s  indicated  by  previous  research  studies  [20],  deteriora-
ion  of  liver  function  was  identified  as  a  key  reason  that
inders  further  TACE  treatment  after  the  first  TACE  for  HCC
atients;  however,  patients  might  also  revert  to  other  modes
f  therapy.  In  this  case,  it  is  crucial  to  understand  how  to
est  select  patients  for  TACE  retreatment  after  the  first
reatment  had  concluded.  However,  there  are  no  specific
tandards  for  the  degree  of  deterioration  of  liver  function,
nd  it  fully  depends  on  the  diagnosing  clinical  physician  as
o  whether  TACE  retreatment  should  be  conducted.

The  purpose  for  this  current  study  was  to  establish  an
bjective  tool  to  guide  physicians  on  the  best  practices  of
hoosing  appropriate  HCC  patients  for  TACE  retreatment.  As
hown  in  both  Figs.  3A  and  B,  patients  were  divided  into  two
roups  based  on  different  ART  score  and  distinct  prognoses
ere  obtained  for  both  groups.  The  group  with  an  ART  score
f  0—1.5  had  a  much  better  prognosis  than  those  subjects
ith  an  ART  score  ≥  2.5,  and  there  was  a  distinct  difference
etween  them  by  statistical  analysis.  Thus,  the  ART  score
ould  be  regarded  as  an  important  index  to  predict  the  OS,
hich  was  supported  by  pertinent  studies  [13,14]. Patients
ith  an  ART  score  of  eight  only  had  a  median  survival  of

wo  months,  which  indicated  that  patients  with  a  high  ART
core  (≥  2.5)  could  not  benefit  much  from  TACE  retreatment
Fig.  3D).

As  reported  in  the  research  [13],  an  ART  score  inherently
as  a  certain  clinical  practicality.  Firstly,  the  ART  score  is
obust  and  can  be  practiced  at  places  where  the  medical
onditions  are  relatively  poor;  Secondly,  the  ART  score  can
rotect  patients  by  preventing  them  from  further  harm  that
ight  be  caused  by  TACE  retreatment  due  to  an  oversight

f  changes  in  laboratory  tests;  and  third,  inadequate  TACE
reatments  can  be  avoided  by  carefully  applying  the  ART
core.  An  increase  in  the  ART  score  means  an  increased  risk
f  TACE  retreatment  (Fig.  3D)  and  a  decreased  OS.  We  can
ecide  on  the  necessity  of  TACE  retreatment  based  on  the
RT  score  before  each  TACE  treatment  to  decrease  both
nnecessary  treatment  costs  and  potential  side  effects.

There  were  many  differences  between  our  results  and
Please  cite  this  article  in  press  as:  Yin  W,  et  al.  ART  score  and  h
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elevant  research  [13,14]  in  univariate  analysis.  Although
atients  whose  AST  and  Child-Pugh  score  increased  had  a
oorer  prognosis  in  our  research,  there  was  no  significant
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ifference  statistically,  and  there  are  some  differences  in
ox  regression  analysis,  which  may  be  accounted  for  by  any
f  the  following  reasons.

 the  difference  in  etiology:  the  patients  had  mainly  alco-
holic  liver  disease  in  relevant  research  [13,14],  while
our  patients  had  mainly  viral  hepatitis.  For  patients  with
viral  hepatitis,  their  AST  and  Child-Pugh  score  would
significantly  increase  when  virus  activity  happened,  but
decrease  quickly  after  the  onset  of  antiviral  drug  therapy.
In  this  case,  the  influence  of  AST  and  Child-Pugh  score
on  long-term  prognosis  may  not  be  distinct.  However,
for  patients  with  alcoholic  liver  disease,  which  usually
combining  mitochondrial  damage,  AST  increased  more
significantly  than  the  patients  with  viral  hepatitis,  and  the
changes  of  liver  function  directly  depended  on  whether
they  continued  drinking  alcohol.  If  patients  abstained
from  drinking  alcohol,  AST  and  Child-Pugh  score  would
not  change  much  in  the  short-term.  Thus,  two  groups
of  patients  had  different  characteristics,  which  would
directly  impact  the  variance  of  both  the  AST  and  Child-
Pugh  score;

 the  difference  in  basis  of  liver  function:  57.6%  of  our
patients  were  under  Child-Pugh  A  cirrhosis  before  the
second  TACE  treatment,  while  67.0%  of  the  patients  in
a  relevant  study  [13]  were  under  Child-Pugh  A  cirrhosis
before  the  second  TACE  treatment;

 the  difference  in  BCLC  stages.  All  of  the  patients  in  rel-
evant  study  were  under  BCLC  Stage  A  or  B,  while  part  of
our  patients  were  under  BCLC  Stage  C;

 an  insufficient  number  of  cases.  In  this  situation,  further
research  should  be  expanded.

In  addition,  our  patients  included  some  that  were  under
CLC  StageC  (excluding  patients  with  main  portal  vein  tumor
hrombus,  poor  blood  supply  or  distant  metastasis),  but
he  overall  results  were  basically  the  same  with  previously
ublished  relevant  studies  [13,14]. Before  the  fourth  TACE
etreatment,  there  was  no  statistical  difference  between
he  results  of  both  groups,  but  the  median  survival  for  the
roup  with  an  ART  score  0—1.5  was  still  greater  than  the
ther  group  with  an  ART  score  ≥  2.5,  which  may  be  caused
y  the  small  number  of  patients  in  the  group  or  the  results
xcursion.  Thus,  further  verification  should  be  conducted  by
oining  multi-center  studies  to  effectively  increase  the  over-
ll  assessable  patient  population.  In  terms  of  the  comparison
f  survival  for  both  groups  with  different  ART  score  before
he  second  TACE  treatment,  our  results  were  not  exactly  the
ame  as  those  previously  reported  [13]  but  had  the  same
rend,  considering  the  differences  in  patient  population  and
athogenesis.

According  to  another  Italian  report  [21],  ART  score  had
o  guidance  on  whether  the  patient  should  conduct  TACE
etreatment  because  there  was  no  statistical  difference  on
verall  survival  between  patients  with  ART  score  of  0—1.5
nd  patients  with  ART  scores  ≥  2.5  from  their  research  pop-
lation,  which  may  be  caused  by  the  difference  in  research
opulation  and  the  relatively  smaller  number  of  patients
epatocellular  carcinoma:  An  appraisal  of  its  applicability.
016/j.clinre.2016.05.005

i.e.,  n  =  51).
As  previously  reported  [13],  the  ART  score  had  its  own

hortage.  Although  the  EASL  standard  for  TACE  prognosis

dx.doi.org/10.1016/j.clinre.2016.05.005
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appears  equal  to  the  mRECIST  standard  [22],  but  mRE-
CIST  standard  has  more  accurate  and  clearer  judgment  with
respect  to  the  prognosis  of  relatively  stable  lesion  partial
response  [23].  This  may  be  related  to  different  definitions
of  the  two  standards  for  partial  response.  EASL  standard  is
defined  by  >  50%  decrease  of  tumor,  while  mRECIST  standard
is  defined  by  >  30%  decrease  of  tumor  mass.  Moreover,  our
patients  were  all  recruited  from  our  hospital,  and  presented
predominantly  with  viral  hepatitis,  in  which  case  there  may
be  some  limitations  for  the  relevant  and  applicability  of  our
results.  The  research  population  should  be  expanded  and  our
hospital  should  cooperate  with  multiple  centers  to  obtain
more  convincing  results.  In  addition,  patients  in  different
countries  have  different  pathogenesis  and  there  will  also  be
significant  difference  in  univariate  analysis.

The  ART  score  will  be  more  instructive  if  it  can  be
formulated  to  be  applicable  to  local  regions  based  on
the  characteristics  of  different  geographical  or  geo-coded
regions,  various  pathogenesis  and  by  univariate  analysis.
Overall,  the  ART  score  is  a  relatively  novel,  non-invasive,
objective  and  widely  applicable  scoring  system  for  TACE
retreatment.  Patients  with  ART  scores  ≥  2.5  or  even  higher
may  not  benefit  any  more  significantly  from  TACE  retreat-
ment,  and  thus  might  need  to  choose  other  treatment
options  like  Sorafenib  treatment  according  to  other  stan-
dards.  The  ART  score  is  a  new  system,  and  there  are  unsolved
issues  like  whether  other  factors  should  be  added  to  eval-
uate  the  effectiveness  of  the  therapy  together.  It  needs  to
be  further  perfected  by  verification  on  patient  populations
from  different  pathogeneses,  different  subjects  and  differ-
ent  regions  in  order  to  be  applicable  to  every  country  and
every  patient  population  based  on  their  unique  characteris-
tics  and  qualities.
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