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Abstract
Purpose:  The  purpose  of  this  study  was  to  assess  liver  function  deterioration,  as  assessed
using the  model  for  end-stage  liver  disease  (MELD)  score  variations,  following  transarterial
chemo-embolization  (TACE)  versus  selective  internal  radiation  therapy  (SIRT)  in  patients  with
unresectable  unilobar  hepatocellular  carcinomas  (HCC).
Patients  and  methods:  We  retrospectively  evaluated  all  patients  who  underwent  a  single  con-
ventional  TACE  or  SIRT  procedure  in  our  department  from  May  2013  to  May  2018  for  unilobar
unresectable  HCC.  A  total  of  86  patients  (76  men,  20  women;  mean  age,  65.5  years)  were

included. There  were  63  patients  in  the  TACE  group  [56  men,  7  women;  mean  age,  65.1  ±  9.6
(SD) years]  and  23  patients  in  the  SIRT  group  [20  men,  3  women;  mean  age,  70  ±  9.2  (SD)  years].
Delta MELD,  defined  as  post  treatment  minus  pre-treatment  MELD  score,  was  considered  for  liver
function deterioration  and  compared  between  patients  who  underwent  single  lobar  treatment
of SIRT  versus  TACE.
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Results:  Patients  in  SIRT  group  had  significant  higher  tumor  burden,  alpha-fetoprotein  serum
level, and  rates  of  macroscopic  vessel  invasion.  Mean  pre-treatment  MELD  scores  did  not  differ
between  TACE  [mean,  8.41  ±  1.71  (SD);  range:  7.24—9.24]  and  SIRT  groups  [mean,  8.36  ±  1.74
(SD); range:  7.07—9.21]  (P  =  0.896)  as  well  as  Child-Pugh  class  and  albumin-bilirubin  (ALBI)  grade
distribution.  However,  following  treatment,  mean  DeltaMELD  was  greater  in  TACE  group  (mean,
0.83 ±  1.83  [SD];  range:  −0.30—  −  1.31)  than  in  SIRT  group  (mean,  −0.13  ±  1.06  [SD];  range:
−0.49—0.32)  (P  =  0.021).  At  multivariate  analysis,  SIRT  treatment  was  independently  associated
with a  lower  DeltaMELD  score  than  TACE  (R  =  −0.955  [−1.68;  −  0.406];  P  =  0.017;).
Conclusion:  Whereas  performed  in  patients  with  higher  tumor  burden,  SIRT  resulted  in  lower
degrees of  liver  function  worsening  as  assessed  using  MELD  score  variations.

© 2019  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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reatment  options  for  unresectable  hepatocellular  carcino-
as  (HCC)  need  to  take  into  account  both  tumoral  staging

nd  liver  function,  as  more  than  90%  of  patients  with  HCC
ave  underlying  cirrhosis  [1—3].  Indeed,  patient  prognosis  is
ased  on  the  2  intertwined  diseases  and  the  choice  for  an
dequate  treatment  relies  on  a  reasonable  balance  between
n  optimal  anti  tumoral  efficacy  and  an  acceptable  toxicity
2].

Intra  arterial  therapies  are  essential  treatments  for
he  management  of  patients  with  HCC  [4,5].  They  are
ainly  represented  by  transarterial  chemo-embolization

TACE)  and  selective  internal  radiation  therapy  (SIRT).  Both
reatments  aim  at  selectively  treating  tumors  via  arterial
argeting,  using  ischemic  mechanisms  and  cytotoxic  effect
or  TACE,  and  local  radiation  therapy  for  SIRT.

TACE  is  the  mainstay  therapy  for  patients  with  Barcelona
linic  Liver  Cancer  (BCLC)  B  stages  of  disease  [3].  This

ncludes  patients  with  multifocal  disease,  without  vascular
nvasion  or  extra  hepatic  disease,  and  with  good  perfor-
ance  status  and  preserved  liver  function  [3],  whereas  SIRT

s  an  alternate  option  for  patients  with  macroscopic  vessel
nvasion  or  major  tumor  burden,  or  after  failed  TACE  [6,7].

Current  results  in  the  literature  did  not  demonstrate
ignificant  differences  of  tumor  response  rates  or  patient
urvival  between  SIRT  and  TACE  in  retrospective  or  prospec-
ive  non-randomized  studies  [8—13].  Only  one  prospective
andomized  phase-2  trial  has  demonstrated  an  improvement
f  time  to  progression  with  SIRT  versus  TACE  in  45  patients
ith  BCLC  A  or  B  disease  [14].  Nevertheless,  if  both  treat-
ents  provide  a  good  antitumoral  efficacy,  the  choice  of  the
ore  appropriate  therapy  may  rely  on  their  tolerance,  so

hat  comparison  of  liver  toxicity  induced  by  both  procedures
s  a  critical  issue.

Liver  toxicity  following  intra  arterial  therapy  of  unre-
ectable  HCCs  is  mainly  expressed  by  the  deterioration
f  the  liver  function  that  can  be  evaluated  by  the  Child-

ugh  score  and/or  the  model  for  end-stage  liver  disease
MELD)  score  [15].  The  latter  allows  a  more  linear  and
uantitative  discrimination  of  liver  function  changes,  with-
ut  clinical  evaluations  that  could  incorporate  subjective
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nterpretation.  The  MELD  score  and  its  variations  have
linically  relevant  impacts  with  an  excellent  accuracy  for
redicting  the  3-months  survival  rate  for  patients  with  cir-
hosis,  and  to  a  lesser  extent  the  6  and  12  months  prognosis
16—19].  The  MELD  score  has  been  specifically  chosen  for  the
llocation  of  liver  transplant,  having  shown  a  greater  pre-
ision  than  Child-Pugh  score  to  evaluate  and  stratify  large
atients’  population  [19].

The  aim  of  this  study  was  to  assess  the  liver  function  dete-
ioration,  as  assessed  using  MELD  score  variations,  following
ACE  versus  SIRT  procedure  for  unresectable  unilobar  HCCs,
nd  to  determinate  predictive  factors  of  severe  function
eterioration.

ethods

tudy design

e  retrospectively  evaluated  all  TACE  and  SIRT  procedures
erformed  in  our  department  from  May  2013  to  May  2018  for
atients  with  unilobar  unresectable  HCC.  Inclusion  criteria
ere:  (i)  age  between  18  and  89  years;  (ii)  unilobar  unre-

ectable  HCC  either  biopsy-proven  or  based  on  radiologic
eatures;  (iii)  first  intra  arterial  treatment;  (iv)  TACE  or  SIRT
erformed  in  a  lobar  setting,  i.e.  targeting  a  liver  lobe;  (iv)
linical  (including  assessment  of  Child-Pugh  score),  biologi-
al  (including  liver  blood  tests),  and  radiological  (either  liver
ultiphasic  computed  tomography  or  magnetic  resonance

maging)  examinations  within  1  month  before  procedure,  (vi)
linical  and  biological  examinations  post  treatment  within

 to  6  months  after  the  procedure.  Non-inclusion  crite-
ia  were:  MELD  and  Child-Pugh  score  non-computable  or  >  1
onth  before  the  procedure,  absence  of  pre-treatment

maging,  non-liver-related  complication  during  follow-up,
hild-Pugh  score  before  treatment  >  B7,  presence  of  HCC
xtra  hepatic  metastasis.  Fig.  1  shows  patient  inclusion  into

he  study.  A  total  of  86  patients  (76  men,  6  women;  mean
ge,  65.5  years)  were  included.
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Figure 1. Flowchart shows study population.

Liver disease and function

Etiologies  of  chronic  liver  diseases  and  patient  history
related  to  cirrhosis  and  portal  hypertension  complications
were  gathered.  Pre-treatment  and  post  treatment  MELD
and  Child-Pugh  scores  were  computed.  Delta  MELD  [18]
was  considered  for  liver  function  deterioration.  It  was
defined  as  post  treatment  MELD  minus  pre-treatment
MELD  score.  When  prothrombin  time  was  recorded  instead
of  international  normalized  ratio  (INR)  on  blood  test
examination,  INR  was  obtained  based  on  the  following
published  formula  [17,20]:  INR  =  (prothrombin  index  [%  of
normal]/94.9)  −  0.81.  Albumin-bilirubin  (ALBI)  score  and
ALBI  grade  were  also  calculated  [21].  Pre-treatment  alpha-
fetoprotein  (AFP)  serum  level,  number/size  of  tumors  were
gathered  and  AFP  score  [22]  was  calculated.

Treatments

All  treatment  decisions  were  taken  during  multidisciplinary
tumor  board.  TACE  was  proposed  in  first  intention  for  BCLC
B  HCC  patients.  SIRT  was  proposed  to  patients  with  (i)
no  response  following  two  TACE  procedures,  (ii)  TACE  con-
traindications,  or  (iii)  macroscopic  vascular  invasion  (portal)
on  pre-treatment  imaging.  Technical  details  about  the  pro-
cedures  were  gathered.  They  included  the  following  items:
• liver  portion  treated  (lobar/sectorial/segmental);
• for TACE:  vector  (either  drug-eluding  beads  or  con-

ventional  TACE  with  lipiodol);  chemotherapeutic  agent
(either  doxorubicin  or  idarubicin),  embolization  agent  for
conventional  TACE;
• for  SIRT:  treatment  with  SIR-SpheresTM (Sirtex  Medical
Limited,)  or  TheraSphere

®
(Biocompatibles  UK  Limited,

BTG  International),  administered  radioactivity  (in  Mega
Becquerel),  post  treatment  tumor  and  targeted  liver

S
g
T
p

radiation  dose,  as  assessed  on  single  photon  emission
tomography/computed  tomography  scan  performed  the
day  following  the  procedure.  Dose  calculation  was  per-
formed  using  body  surface  area  method  for  SIR-Spheres
and  MIRD  (Medical  Internal  Radiation  Dose  Committee)  for
TheraSphere

®
.

tatistical analysis

ategorical  data  were  expressed  as  raw  numbers,  propor-
ions  and  percentages  and  compared  using  the  Chi2 test  or
isher  exact  test,  as  appropriate.  Quantitative  data  were
xpressed  as  mean  ±  standard  deviation  (SD)  and  ranges
r  median,  interquartile  range  (Q1;  Q3)  according  to  data
istribution  and  compared  using  either  Student  t  test  or
ilcoxon  rank-sum  test.  The  influence  of  parameters  on
ELD  score  modifications,  as  assessed  by  DeltaMELD  value,
as  analysed  using  logistic  and  linear  regressions  as  appro-
riate.  Variables  associated  with  the  presence  of  liver
unction  worsening,  with  a  P-value  <  0.15  in  univariate  anal-
sis,  were  then  included  in  a  stepwise  forward  multivariate
nalysis.  Variables  with  a  P-value  <  0.05  at  multivariate
nalysis  were  considered  significant.  Statistical  tests  were
erformed  with  Biosta  TGV  and  P-value.io  (R  software  inter-
ace).

esults

atients
ixty-three  patients  in  TACE  group  and  23  patients  in  SIRT
roup,  for  a  total  of  86  patients  met  the  inclusion  criteria.
he  clinical  and  demographic  characteristics  of  the  included
atients  as  well  as  procedures  details  are  shown  in  Table  1.



692  J.  Delicque  et  al.

Table  1  Patients  and  treatments  characteristics.

SIRT  (n  =  23)  TACE  (n  =  63)  P

Male  20  (87)  56  (88.9)  0.804
Age  (year)  70  ±  9.2  65.1  ±  9.6  0.648
Performance  status  0.017

0  23  (100)  50  (79.4)
1  0  (0)  13  (20.6)

BCLC  <  0.001
B  6  (30.4) 49  (77.8)
C  16  (69.6) 14  (22.2)

Underlying  cirrhosis  21  (91.3)  57  (90.5)  0.907
Bilirubin  (�mol/l)  12.77  ±  10.2  [5—17.5]  14.78  ±  6.6  [9—19]  0.419
INR  1.12  ±  0.1  [1.01—1.18]  1.12  ±  0.11  [1—1.19]  >  0.999
Creatinin  serum  level
(�mol/l)

77.1  ±  20  [64—85.5]  78.7  ±  21.9  [64—91.5]  0.752

Child-Pugh  class  22  (95.7)  57  (90.5)  0.669
A
B  1  (4.3)  6  (9.5)

MELD  score  8.36  ±  1.74  [7.07—9.21]  8.41  ±  1.71  [7.24—9.24]  0.896
ALBI  score  −2.61  ±  0.43  [−3.01—  −  2.36]  −2.53  ±  0.51  [−2.92—  −  2.13]  0.477
ALBI  grade  0.931

1  10  (43.5)  28  (44.4)
2  13  (56.5)  35  (55.6)
3  0  (0)  0  (0)

Portal  hypertension
(endoscopic
signs/previous  variceal
rupture)

3  (13)  22  (34.9)  0.062

Platelets  <  100,000  4  (17.4)  20  (31.7)  0.278
HCC

Multifocal  5  (21.7)  37  (58.7)  0.005
Infiltrative  8  (34.8)  3  (4.8)  <  0.001

Tumor  characteristics
AFP  (UI/ml)  884  ±  2661  [11.9—232]  945  ±  3368  [4.4—126]  0.931
Tumor  number  2.9  ±  3.1  [1—3]  4.9  ±  4.5  [2.5  5]  0.002
Largest  nodule  (mm) 79.7  ±  29.8  [58.5—99.5]  44.4  ±  33.1  [21.5—53.5]  <  0.001
Macroscopic  vessel

invasion
16  (69.6) 1  (1.6)  0.017

AFP  score 4.3  ±  1.7  [3.5—6] 3.2  ±  2.2  [2-5] 0.003
AFP  score  >  2  20  (87)  32  (50.8)

Previous  HCC  treatment
None  10  (40.4)  26  (41.3)  >  0.999
Targeted  therapy  3  (13)  7  (11.1)  >  0.999
Surgery  0  (0)  13  (20.6)  0.017
TACE  8  (34.8)  15  (23.8)  0.350
SIRT  1  (4.3)  1  (1.6)  0.452

Percutaneous  ablation  5  (21.7)  16  (25.4)  >  0.999
Additional
embolization:
None/microspheres/Gelfoam

6/22/35  (9.5/34.9/55.6)

SIR-
Spheres/TheraSpheres

10/13  (40.5/56.5)

Yttrium  90  delivered
dose  (MBq)*

2080  ±  1361

Quantitative variables are presented as mean ± standard deviation (SD); numbers in brackets are ranges; qualitative variables are
expressed as proportions followed by percentages in parentheses. * 22 patients; SD: standard deviation; ALBI: albumin-bilirubin; BCLC:
Barcelona Clinic Liver Cancer; NASH: non-alcoholic steato-hepatitis; AFP: alpha-fetoprotein; HCC: hepatocellular carcinoma; SIRT:
selective internal radiation therapy; TACE: transarterial chemo-embolization; INR: international normalized ratio; MELD: model for
end-stage liver disease.
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Figure 2. DeltaMELD box plots for Transarterial chemo-
embolization (TACE) and Selective internal radiation therapy (SIRT)
groups. Box plots show Delta Model for end-stage liver disease
(MELD) distribution after TACE and SIRT treatments in the study
population. The top and bottom of the box are the 25th and 75th

percentiles, respectively. The length of the box is the interquartile
range and the median (50th percentile) is the line drawn through the
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Comparison  of  MELD  score  variations  between  SIRT  and  TACE

Pre-treatment  imaging  showed  a  significant  higher  tumor
burden  in  SIRT  patients  [mean  tumor  size,  79.7  mm  ±  29.8
(SD);  range:  58.5—99.5  mm]  than  in  TACE  patients  [mean
tumor  size,  44.4  mm  ±  33.1  (SD);  range:  21.5—53.5  mm]
(P  <  0.001).  An  AFP  score  >  2  was  found  in  20/23  patients
(87%)  of  SIRT  group  and  32/63  patients  (51%)  of  TACE  group
(P  =  0.003).  Macroscopic  vessel  invasion  was  present  in  16/23
patients  (70%)  of  SIRT  group  and  1/63  patient  (2%)  of  TACE
group  (P  <  0.001).

Mean  pre-treatment  MELD  scores  did  not  differ  between
TACE  group  (8.14)  and  SIRT  group  (8.36)  (P  =  0.896).  Child-
Pugh  score  distribution  (A  or  B)  was  not  different  between
the  two  groups;  22/23  patients  (96%)  were  grade  A  in  SIRT
group  and  57/63  patients  (91%)  in  TACE  group  (P  =  0.669).
The  ALBI  score  and  grade  [21]  distribution  did  not  differ
between  both  groups:  mean  ALBI  score  was  −2.61  ±  0.43
[SD]  (range:  −3.01—  −  2.36)  in  SIRT  group  and  −2.53  ±  0.51
(SD)  (range:  −2.92—  −2.13)  in  TACE  group  (P  =  0.477),  with
13/23  patients  (57%)  and  35/63  patients  (56%)  grade  2
respectively  in  SIRT  and  TACE  groups  (P  =  0.931).  Mean  time
from  procedure  to  post  treatment  clinical  and  biological
evaluation  was  not  different  between  TACE  group  [mean
time,  53  days  ±  38  (SD);  range:  30—62.7  days]  and  SIRT
group  [mean  time,  40  days  ±  20  (SD);  range:  28—49  days]
(P  =  0.148).

Post treatment liver function worsening

Following  intra  arterial  therapy,  mean  DeltaMELD  score  was
+  0.83  ±  1.83  (SD)  in  the  TACE  group  and  −0.13  ±  1.06  (SD)
in  the  SIRT  group  (P  =  0.021)  (Fig.  2).  INR  did  not  significantly
increase  in  both  groups  (Table  2).  No  significant  differences
in  increase  of  bilirubin  and  creatinine  serum  levels  were
observed  between  the  two  groups.  INR  variation  (Delta  INR)
was  greater  in  TACE  group  than  in  SIRT  group  (P  =  0.002)
whereas  no  differences  in  bilirubin  and  creatinine  serum
levels  variations  were  observed  between  the  two  groups.

Factors influencing Delta MELD

Univariate  analysis  demonstrated  positive  association
between  DeltaMELD  and  TACE  treatment  (P  =  0.029)  and  por-
tal  vein  thrombosis  (P  =  0.096)  (Table  3).  For  multivariate
analysis,  the  variable  ‘‘portal  vein  thrombosis’’  had  to  be
excluded  due  to  multicollinearity  bias  with  SIRT  treatment
as  patients  with  portal  vein  thrombosis  were  mainly  treated
using  SIRT.  In  multivariate  analysis  and  after  bootstrapping
(1000  iterations),  SIRT  treatment  was  independently  associ-
ated  with  a  lesser  DeltaMELD  [R  =  −0.955  (−1.68;  −0.406)]
(P  =  0.017).

Discussion

The  results  of  our  study  show  that  worsening  of  liver  func-
tion  following  loco  regional  treatment  of  HCC  is  variable
and  depends  on  the  type  of  intra  arterial  treatment  per-
formed.  Indeed,  worsening  of  the  MELD  score  was  regularly

noted  following  TACE,  whereas  it  did  not  vary  following
SIRT.  TACE  procedure  was  the  single  variable  associated  with
DeltaMELD  at  multivariate  analysis,  whereas  SIRT  treatment
was  the  single  variable  independently  associated  with  a

p
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ox. TACE indicates transarterial chemo-embolization. SIRT indi-
ates selective internal radiation therapy.

esser  liver  function  worsening.  Interestingly,  no  other  varia-
les  were  associated  at  multivariate  analysis,  even  not  the
re-treatment  MELD  score  or  the  ALBI  score  or  grade.  Based
n  retrospectives  and  non-randomized  prospective  studies,
ACE  and  SIRT  show  close  results  in  terms  of  response  and
urvival  [8—13], particularly  for  BCLC  B  patients.  Assess-
ent  of  liver  function  impairment  resulting  from  either

echnique  might  help  in  some  cases  to  select  the  most
ppropriate  therapy.  This  point  is  all  the  more  crucial  as
hese  treatments  (especially  TACE)  may  be  repeated,  lead-
ng  to  cumulative  toxicity,  with  parenchymal  and/or  arterial
njuries.

Regarding  worsening  of  liver  function  following  intra
rterial  liver  therapy,  only  one  prospective  study  anal-
sed  Child-Pugh  and  MELD  score  changes  for  86  BCLC  B
atients  treated  with  TACE  (n  =  42)  or  SIRT  (n  = 44)  [23].
his  non-controlled  prospective  study  did  not  found  any  sig-
ificant  increase  of  post  treatment  MELD  scores  in  TACE
nd  SIRT  groups  for  stage  BCLC  B  patients.  However,  the
esults  focused  on  MELD  variations  per  patient  and  not  per
ession,  with  a  DeltaMELD  calculation  done  between  pre-
reatment  MELD  and  last  MELD  available.  Other  studies  did
ot  demonstrate  differences  between  TACE  and  SIRT  regard-
ng  biological  toxicity,  including  bilirubin  [12,13,24—26],  but
one  evaluated  MELD  score  variation  or  evaluated  the  possi-
ility  of  session  repetition.  Another  study  compared  pre  and
ost  treatment  MELD  scores  (at  1  month)  in  TACE  groups,

omparing  Child-Pugh  class  A  patients  versus  Child-Pugh  B
r  C  [27]. Pre-treatment  MELD  was  8.7  for  CP  A  and  13.7
or  CP  B  or  C  patients,  with  a  variation  of  +  0.71  point
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Table  2  Liver  and  renal  function  tests  variations  following  SIRT  and  TACE  procedures.

Variations  between  baseline  and  post  treatment  (Q1;  Q3)

SIRT  (n  =  23) TACE  (n  =  63)

Baseline  Post
treatment

P  Baseline  Post
treatment

P

MELD  score  8.36  ±  1.74
[7.07—9.21]

8.23  ±  1.59
[7.05—9.30]

0.800  8.41  ±  1.71
[7.24—9.24]

9.24  ±  2.44
[7.53—10.50]

0.029

Bilirubin
(�mol/l)

12.77  ±  10.2
[5—17.5]

14.88  ±  8.8
[7.5—20.05]

0.456  14.78  ±  6.6
[9—19]

17.28  ±  11.8
[8—22.75]

0.146

INR  1.12  ±  0.
[1.01—1.18]

1.11  ±  0.1
[1.05—1.15]

0.783  1.12  ±  0.11
[1—1.19]

1.17  ±  0.16
[1.05—1.25]

0.091

Creatinine
serum  level
(�mol/l)

77.1  ±  20
[64—85.5]

71 ±  21.5
[60.5—84.5]

0.316  78.7  ±  21.9
[64—91.5]

76.94  ±  23.2
[60.5—90]

0.663

Comparison  of  these  variations  between  SIRT  and  TACE  groups  (Q1;  Q3)

SIRT  (n  =  23)  TACE  (n  =  63)  P

Delta  MELD  0.13  ±1.06  [−0.49—0.32]  0.83  ±  1.83  [−0.30—1.31]  0.021
Delta  bilirubin  (�mol/l)  2.11  ±  7.29  [−0.5—6.8]  2.60  ±  8.38  [—2—4]  0.795
Delta  INR  −0.01  ±  0.06  [−0.05—0.015]  0.05  ±  0.11  [0—0.08]  0.002
Delta  creatinine  serum  level  (�mol/l)  −6.08  ±  11.26  [−13—0.5]  −1.76  ±11.08  [−6.3—4.5]  0.122

Quantitative variables are presented as mean ± standard deviation (SD), followed by ranges in brackets; ALBI: albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; NASH: non-alcoholic
steato-hepatitis; AFP: alpha-fetoprotein; HCC: hepatocellular carcinoma; SIRT: selective internal radiation therapy; TACE: transarterial chemo-embolization; INR: international normalized
ratio; MELD: model for end-stage liver disease.
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Table  3  Univariate  analysis  using  logistic  and  linear  regression  to  search  for  variables  associated  with  DeltaMELD.

Logistic  regression  Regression  coefficient(Q1;  Q3)  n  P

Sex
Male  0.36  (−0.44;  1.04)  76  0.889
Female  0.092  (−0.14;  0.24)  10  —

Cirrhosis  0.22  (−0.37;  1.11)  78  0.824
NASH  0  (−0.30;  0.50)  15  0.402
Alcohol  0.39  (−0.33;  0.91) 50  0.229
Viral  (HBV/HCV) 0  (−0.63;  1.16) 34  0.7

ALBI  grade
1  0.15  (−0.29;  0.84)  38  0.564
2  0.39  (−0.45;  1.22)  48  —

Portal  hypertension
Endoscopic  0.68  (−0.22;  1.10)  24  0.266
Platelet  count  <  100000  g/l  0.11  (−0.68;  1.26)  24  0.682

Previous  treatment
None  0.17  (−0.49;  0.85)  36  0.911
Surgery  0.78  (0;  1.44)  13  0.408
Percutaneous  ablation  0.39  (−0.17;  1.15)  21  0.421
TACE  0.59  (−0.27;  1.22)  23  0.508

Macroscopic  portal  vein  thrombosis  −0.09  (−0.65;  0.39)  17  0.096
Treatment

TACE  0.60  (−0.30;  1.31)  63  0.029
SIRT  −0.17  (−0.49;  0.32)  23  —

Linear  regression  Correlation  coefficient[95%CI]  n  P

Pre-treatment  MELD  score −0.108  [−0.313;  0.106] 86  0.316
Pre-treatment  ALBI  score 0.0954  [−0.119;  0.301] 86  0.384
Nodule  number  −0.0582  [−0.267;  0.156]  86  0.592
Main  nodule  diameter  (mm)  0.0493  [−0.164;  0.259]  86  0.652

ALBI: albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; NASH: non-alcoholic steato-hepatitis; AFP: alpha-fetoprotein; HCC: hepa-
tocellular carcinoma; SIRT: selective internal radiation therapy; TACE: transarterial chemo-embolization; INR: international normalized
ratio; MELD: model for end-stage liver disease; CI: confidence interval.
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and  −0.01,  respectively.  Non-selective  TACE  were  more  fre-
quently  performed  in  Child-Pugh  A  patients,  with  a  higher
tumor  burden.

Whether  SIRT  or  TACE  exhibits  the  highest  degrees  of  liver
toxicity  remains  to  be  investigated  by  a  comparison  between
two  similar  populations  to  better  define  the  place  of  each
treatment  for  HCC.  With  the  recent  increase  in  the  num-
ber  of  available  options,  treatment  strategy  and  the  place
of  each  treatment  for  HCC  will  become  a  critical  issue.  Our
study  focused  on  unilobar  HCC  disease  and  more  specifically
on  lobar  treatments,  which  are  a  reproducible  and  frequent
situation.  Unilobar  but  unresectable  disease  could  become
in  next  years  a  good  indication  of  SIRT,  in  first  intention,  in
order  to  obtain  a  good  efficacy  while  preserving  liver  func-
tion  and  arterial  patency,  with  the  condition  of  a  full  tumor
targeting  [28,29].  It  can  also  point  out  the  possibility  to  treat
with  SIRT  patients  not  suitable  for  a  second  TACE  considering
the  ART  [30,31]  or  ABCR  [32]  scores  that  include  an  assess-
ment  of  radiological  tumor  response  and  liver  function  based
on  the  change  in  the  Child-Pugh  score.
Our  study  has  several  limitations.  First,  its  retrospective
design  implies  multiple  biases.  However,  strict  inclusion  cri-
teria  were  chosen,  such  as  the  selection  of  lobar  treatments

n
l
e

nly,  which  had  the  benefit  to  make  comparison  possible
etween  both  groups,  but  the  disadvantage  of  restrict-
ng  the  size  of  the  study  population.  Second,  precise  tools
ssessing  liver  function  variations  are  not  available  yet.  The
ELD  score  was  chosen  for  this  study,  as  it  has  proven  its

uperiority  compared  with  the  Child-Pugh  score  in  the  gen-
ral  population,  and  represents  a  widely  used  and  accepted
core  to  objectively  evaluate  liver  function  [19].  MELD
odifications  have  clinical  relevant  impact,  with  a  vari-

tion  strongly  related  to  mortality  [17,18]  at  6  and  12
onths.  The  increase  of  one  point  MELD  score  a  month,

n  a time-dependent  model  on  waiting  transplantation  list
17], increases  mortality  of  22%.  Third,  due  to  the  retrospec-
ive  design,  a lack  of  standardization  in  procedures  can  be
oted.  Indeed,  SIRT  treatments  were  performed  using  either
ir-Spheres  or  TheraSphere  and  TACE  was  performed  using
darubicin,  which  is  not  yet  the  main  drug  used  for  cTACE
orldwide  [33].  Finally,  the  development  of  arteriopathy
fter  treatment  was  not  analyzed  [34].

In  conclusion,  the  results  of  our  study  demonstrate  sig-

ificant  differences  in  liver  function  deterioration  following
obar  SIRT  versus  lobar  cTACE  procedures  in  unilobar  HCC  dis-
ase.  A  worsening  of  the  MELD  score  was  regularly  observed
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ollowing  cTACE,  whereas  it  did  not  vary  following  SIRT,
ven  though  PVT  and  tumor  burden  were  higher  in  patients
ndergoing  SIRT.  TACE  procedure  was  the  only  variable
ositively  associated  with  DeltaMELD  on  multivariate  anal-
sis,  and  conversely,  SIRT  treatment  was  the  only  variable
ndependently  associated  with  a  lesser  liver  function  degra-
ation.  These  results  could  help  to  better  define  the  place
f  SIRT  in  the  armamentarium  against  HCC.
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Rodriguez M, et al. Pilot randomized trial of selective inter-
nal radiation therapy vs. chemoembolization in unresectable
hepatocellular carcinoma. Liver Int 2015;35:1715—21.

14] Salem R, Gordon AC, Mouli S, Hickey R, Kallini J, Gabr A,
et al. Y90 radioembolization significantly prolongs time to
progression compared with chemoembolization in patients
with hepatocellular carcinoma. Gastroenterology 2016;151:
1155—63.

15] Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau
TM, Kosberg CL, et al. A model to predict survival in
patients with end-stage liver disease. Hepatology 2001;33:
464—70.

16] Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P,
et al. Model for end-stage liver disease (MELD) and allocation
of donor livers. Gastroenterology 2003;124:91—6.

17] Merion RM, Wolfe RA, Dykstra DM, Leichtman AB, Gillespie
B, Held PJ. Longitudinal assessment of mortality risk among

candidates for liver transplantation. Liver Transplant 2003;9:
12—8.

18] Huo TI, Wu JC, Lin HC, Lee FY, Hou MC, Lee PC, et al. Eval-
uation of the increase in model for end-stage liver disease

http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0175
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0180
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0185
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0190
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0195
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0200
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0205
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0210
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0215
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0220
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0225
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0230
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0235
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0240
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0245
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0250
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0255
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260


 

[

[

[

[

[

[

[

[34] Matsui Y, Figi A, Horikawa M, Jahangiri Noudeh Y, Tomozawa
Y, Hashimoto K, et al. Arteriopathy after transarterial chemo-
Comparison  of  MELD  score  variations  between  SIRT  and  TACE

(DeltaMELD) score over time as a prognostic predictor in
patients with advanced cirrhosis: risk factor analysis and com-
parison with initial MELD and Child-Turcotte-Pugh score. J
Hepatol 2005;42:826—32.

[19] Longheval G, Vereerstraeten P, Thiry P, Delhaye M, Le Moine
O, Devière J, et al. Predictive models of short- and long-term
survival in patients with nonbiliary cirrhosis. Liver Transplant
2003;9:260—7.

[20] Durand F, Valla D. Assessment of the prognosis of cirrhosis:
Child-Pugh versus MELD. J Hepatol 2005;42:100—7.

[21] Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M,
Reeves HL, et al. Assessment of liver function in patients with
hepatocellular carcinoma: a new evidence-based approach—–
The ALBI Grade. J Clin Oncol 2015;33:550—8.

[22] Duvoux C, Roudot—Thoraval F, Decaens T, Pessione F, Badran
H, Piardi T, et al. Liver transplantation for hepatocellular car-
cinoma: a model including �-fetoprotein improves the perfor-
mance of Milan criteria. Gastroenterology 2012;143:986—94.

[23] El Fouly A, Ertle J, El Dorry A, Shaker MK, Dechêne A, Abdella
H, et al. In intermediate stage hepatocellular carcinoma:
radioembolization with yttrium 90 or chemoembolization?
Liver Int 2015;35:627—35.

[24] Moreno-Luna LE, Yang JD, Sanchez W, Paz-Fumagalli R, Harnois
DM, Mettler TA, et al. Efficacy and safety of transarte-
rial radioembolization versus chemoembolization in patients
with hepatocellular carcinoma. Cardiovasc Intervent Radiol
2013;36:714—23.

[25] Kooby DA, Egnatashvili V, Srinivasan S, Chamsuddin A, Delman
KA, Kauh J, et al. Comparison of Yttrium-90 radioembolization
and transcatheter arterial chemoembolization for the treat-
ment of unresectable hepatocellular carcinoma. J Vasc Interv
Radiol 2010;21:224—30.

[26] Lance C, McLennan G, Obuchowski N, Cheah G, Levitin A,

Sands M, et al. Comparative analysis of the safety and efficacy
of transcatheter arterial chemoembolization and Yttrium-90
radioembolization in patients with unresectable hepatocellular
carcinoma. J Vasc Interv Radiol 2011;22:1697—705.
697

27] Dorn DP, Bryant MK, Zarzour J, Smith JK, Redden DT, Saddekni
S, et al. Chemoembolization outcomes for hepatocellular car-
cinoma in cirrhotic patients with compromised liver function.
HPB 2014;16:648—55.

28] Kafrouni M, Allimant C, Fourcade M, Vauclin S, Delicque J,
Ilonca AD, et al. Retrospective voxel-based dosimetry for
assessing the body surface area model ability to predict
delivered dose and radioembolization outcome. J Nucl Med
2018;59:1289—95.

29] Allimant C, Kafrouni M, Delicque J, Ilonca D, Cassinotto
C, Assenat E, et al. Tumor targeting and three-dimensional
voxel-based dosimetry to predict tumor response, toxicity,
and survival after Yttrium-90 resin microsphere radioem-
bolization in hepatocellular carcinoma. J Vasc Interv Radiol
2018;29:1662—70.

30] Hucke F, Sieghart W,  Pinter M, Graziadei I, Vogel W, Müller C,
et al. The ART-strategy: sequential assessment of the ART score
predicts outcome of patients with hepatocellular carcinoma
re-treated with TACE. J Hepatol 2014;60:118—26.

31] Sieghart W, Hucke F, Pinter M, Graziadei I, Vogel W, Müller
C, et al. The ART of decision making: retreatment with
transarterial chemoembolization in patients with hepatocel-
lular carcinoma. Hepatology 2013;57:2261—73.

32] Adhoute X, Penaranda G, Naude S, Raoul JL, Perrier H, Bayle
O, et al. Retreatment with TACE: The ABCR SCORE, an aid to
the decision-making process. J Hepatol 2015;62:855—62.

33] Fohlen A, Tasu JP, Kobeiter H, Bartoli JM, Pelage JP, Guiu
B. Transarterial chemoembolization (TACE) in the manage-
ment of hepatocellular carcinoma: Results of a French national
survey on current practices. Diagn Interv Imaging 2018;99:
527—35.
lipiodolization for hepatocellular carcinoma. Diagn Interv
Imaging 2017;98:827—35.

http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0260
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0265
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0270
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0275
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0280
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0285
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0290
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0295
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0300
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0305
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0310
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0315
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0320
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0325
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0330
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0335
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340
http://refhub.elsevier.com/S2211-5684(19)30134-2/sbref0340

	Intra arterial treatment of hepatocellular carcinoma: Comparison of MELD score variations between radio-embolization and c...
	Methods
	Study design
	Liver disease and function
	Treatments
	Statistical analysis

	Results
	Patients
	Post treatment liver function worsening
	Factors influencing Delta MELD

	Discussion
	Human and animal rights
	Informed consent and patient details
	Disclosure of interest
	Funding
	Author contributions
	References


