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Abstract
Background.  —  Despite  immunosuppressive  drug  regimens,  T  cell-mediated  rejection,  antibody-
mediated  rejection  with  donor-specific  antibodies,  and  chronic  rejection  occur  after  liver
transplantation  (LTx).  Rejection  may  significantly  impact  allograft  survival  and  often  a  stan-
dard re-LTx  is  required.  However,  in  some  cases  rejection  recurs.  Little  is  known  on  how  to
approach this  and  which  aspects  to  consider.
Case. —  Here  we  describe  a  case  in  which  two  successive  liver  grafts  where  lost  due  to  T  cell-
mediated rejection,  possible  antibody-mediated  rejection  with  de  novo  donor-specific  antibody
formation,  and  chronic  rejection  that  occurred  within  a  month.  In  an  attempt  to  avoid  recur-
rence with  the  third  graft,  we  decided  to  administer  a  more  rigorous  immunosuppressive  drug
induction  regimen  with  rabbit  antithymocyte  globulin,  while  applying  HLA  matching  between

recipient  and  donor.  This  resulted  in  rejection  free  survival  for  337  days  until  a  mild  T  cell-
mediated  rejection  occurred,  which  could  then  be  easily  treated  with  high  dose  steroids.  Graft
survival is  now  at  least  683  days  without  chronic  rejection,  antibody-mediated  rejection  or  de
novo donor-specific  antibody  formation.

Abbreviations: AMR, antibody-mediated rejection; CR, chronic rejection; DBD, donation after brain death; DSAs, donor-specific antibo-
ies; HLA, human leukocyte antigen; h-score, histopathology-score; IS, immunosuppressive drugs; LTx, liver transplantation; RAI, rejection
ctivity index; rATG, rabbit antithymocyte globulin; re-LTx, retransplantation; TCMR, T-cell-mediated rejection.
∗ Corresponding author at: Department of Gastroenterology and Hepatology of Erasmus MC University Medical Center, P.O. box 2040, 3000
A Rotterdam, The Netherlands.
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Conclusion.  — In  conclusion,  when  a  liver  graft  is  lost  due  to  multiple  forms  of  rejection  short
after LTx,  the  combination  applied  in  this  case  could  be  considered  as  a  viable  option  to  improve
graft and  patient  survival  instead  of  a  standard  re-LTx.
© 2020  Les  Auteurs.  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous
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iver  transplantation  (LTx)  is  the  only  treatment  for  end
tage  liver  disease.  Prophylactic  induction  treatment  is
dministered  around  the  time  of  LTx  in  order  to  prevent
evere  rejection  during  the  first  few  weeks  after  transplan-
ation.  Since  there  is  no  consensus  on  a  specific  induction
reatment  worldwide,  multiple  treatment  approaches  exist,
uch  as  lymphocyte  depleting  agents  alemtuzumab  and  rab-
it  antithymocyte  globulin  (rATG)  and  non-depleting  agents
asiliximab  and  methylprednisolone  [1].

Despite  induction  and  maintenance  immunosuppres-
ive  drug  (IS)  regimens,  T-cell-mediated  rejection  (TCMR),
ntibody-mediated  rejection  (AMR)  and  chronic  rejection
CR)  occur  after  transplantation.  The  formation  of  donor-
pecific  antibodies  (DSAs)  against  human  leukocyte  antigen
HLA)  types  of  the  donor  graft  is  common  across  all  solid
rgan  transplantations  [2].  Unlike  in  other  types  of  solid
rgan  transplantation,  many  DSA  positive  LTx  recipients  do
ot  experience  clear  symptoms  of  acute  or  chronic  rejec-
ion.  Nevertheless,  both  preformed  and  de  novo  DSAs  have
een  associated  with  lower  graft  survival  [3]  and  an  increa-
ed  risk  of  acute  and  chronic  rejection  (CR)  [4],  including
MR  [5].  Acute  AMR  diagnosis  requires  four  criteria  and
ccording  to  the  BANFF  scoring  system  this  indicates  a  pro-
ability  of  AMR  [6].  TCMR  is  quantitatively  estimated  by  the
ejection  Activity  Index  (RAI)  score  that  includes  portal,  bile
uct  and  venous  endothelial  inflammation.  CR  is  a  severe
eleterious  complication  after  LTx,  characterized  by  foamy
rteriopathy  and  progressive  bile  duct  loss  (ductopenia).  In
ontrast  to  TCMR,  CR  does  traditionally  not  respond  to  IS
reatment.  [6]

In  only  a  minority  of  LTx  recipients  severe  acute  or
hronic  rejection  after  transplantation  due  to  alloreactivity
gainst  donor  HLA,  leads  to  graft  failure.  For  these  patients,

 retransplantation  (re-LTx)  is  the  only  treatment  available
7,8].  Nonetheless,  in  some  cases  a  standard  re-LTx  is  not
ufficient  and  recurrence  of  rejection  occurs.  Until  now  lit-
le  is  known  on  how  to  approach  this  complex  situation.  Here
e  present  a  case  where  a  third  transplantation  with  HLA
atching  between  recipient  and  donor  in  combination  with

 change  in  induction  regimen  was  necessary  to  circumvent
he  severe  TCMR,  AMR,  de  novo  DSA  formation,  and  CR  that
rose  after  the  first  two  liver  transplantations.

ase

 35-year  old  Caucasian  male  with  a  history  of  several  cho-
estatic  complications  due  to  primary  sclerosing  cholangitis

PSC),  was  transplanted  with  a  ABO-compatible  donation
fter  brain  death  (DBD)  split  liver  in  September  2017  at  our
nstitution.  The  donor  liver  had  five  HLA  mismatches  with
he  recipient  (Table  1).  As  our  standard  protocol  indicates,

t
n

2

ommons.org/licenses/by/4.0/).

ethylprednisolone  500  mg  was  administered  during  implan-
ation  and  basiliximab  20  mg  i.v.  was  administered  within

 hours  after  reperfusion,  and  repeated  at  day  4  after  LTx.
he  following  maintenance  IS  regimen  was  administered
fter  LTx:  daily  oral  prednisolone  20  mg  and  mycopheno-
ate  mofetil  2  x  1000  mg;  at  day  5  tacrolimus  at  a  dose
f  0.1  mg  kg  (2  x  4  mg)  was  added;  at  day  7  prednisolone
as  reduced  to  10  mg,  which  was  continued  for  3  months.
fter  two  adequate  tacrolimus  trough  levels  (8-15  �g/L),
ycophenolate  mofetil  was  discontinued.  After  25  days

he  patient  experienced  symptoms  of  rejection,  including
 fever  and  substantially  increasing  liver  enzyme  abnorma-
ities.  A  liver  biopsy  was  evaluated  by  a  liver  pathologist  and

 severe  acute  TCMR  and  CR  (Fig.  1  A;  Table  2)  were  diagno-
ed.  As  a  rescue  treatment  1000  mg  of  methylprednisolone
as  administered  for  three  consecutive  days.  Unfortunately,

iver  enzyme  abnormalities  did  not  decrease  and  a  follow-
p  liver  biopsy  indicated  that  the  rejection  episode  was  not
esolved  (Fig.  1B;  Table  2).  As  a  consequence,  a  second  liver
ransplantation  was  needed.  In  the  explant  (Fig.  1C;  Table  2)
lear  TCMR  with  central  perivenulitis  and  CR  with  ductope-
ia  were  present.  There  was  also  a  suspicion  of  acute  AMR
6]  because  of  a  combined  C4d-score  +  h-score  of  3  in  the
xplant  (Supplementary  Fig.  1;  Table  2)  and  presence  of  de
ovo  DSAs  against  donor  HLA  (Table  1) in  the  blood  of  the
ecipient.

Fifty-five  days  after  the  first  LTx,  a  second  LTx  was  per-
ormed  with  a  ABO-compatible  DBD  donor  liver.  It  is  common
ractice  for  LTx  not  to  consider  the  donor  HLA  type  in  com-
ination  with  the  recipient’s.  The  second  donor  liver  had
our  HLA  mismatches  with  the  recipient  (Table  1).  Of  these
our,  three  HLA  mismatches  were  similar  to  those  of  the
rst  donor  liver.  Similar  induction  treatment  and  mainte-
ance  IS  regimen  were  given  as  described  above.  Again,
he  IS  trough  levels  were  adequate  (6-15  �g/L).  Two  weeks
fter  the  second  LTx,  the  patient  again  experienced  increa-
ing  liver  enzyme  abnormalities.  A  liver  biopsy  (Fig.  1D;
able  2)  indicated  again  TCMR  and  CR.  An  AMR  was  also
onsidered,  because  of  DSA  positivity  (Table  1).  As  a  rescue
reatment  methylprednisolone  was  administered  as  descri-
ed  above  and  an  additional  65  g  of  i.v.  immunoglobulins  for
wo  consecutive  days  thereafter.  The  patient  responded  to
ome  degree  to  the  rescue  treatment  according  to  the  RAI
core  in  the  follow-up  biopsy,  but  the  CR  episode  and  central
erivenulitis  did  not  resolve  (Fig.  1E;  Table  2).  Eventually,
he  graft  could  not  be  saved.  In  the  explant  (Fig.  1F;  Table  2)
lear  TCMR  and  CR  with  ductopenia  and  foamy  arteriopathy
ere  present.  Despite  a C4d  score  of  3  in  the  explant  (Sup-
lementary  Fig.  1;  Table  2) and  DSA  positivity,  acute  AMR
ould  not  be  confirmed  due  to  a  zero  h-score.  [6]
To  save  the  patient’s  life,  a  different  approach  seemed
o  be  needed.  After  a  literature  search,  and  multidiscipli-
ary  meetings  with  experts  in  the  area  of  transplantation
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Table  1  The  HLA  types  of  the  recipient  and  the  three  liver  donors,  their  HLA  mismatches  and  the  DSAs  present.

Recipient  A1  A2  B7  B8  DR2  (DR15)  DR6  (DR13)  DQ1  DQ6  HLA  mismatch  with  recipient

A  B  DR  DQ  Total

Donor  1  A1  A19  (A32)  B7  B8  DR3  (DR17)  DR4  DQ2*‡  DQ3*‡  (DQ8)  1  0  2  2  5
Donor 2  A2  A19  (A32)  B7  B15  (B62)  DR2  (DR15)  DR4  DQ1  (DQ6)  DQ3*§  (DQ8)  1  1  1  1  4
Donor 3  A2  B7  B16  (B38)  DR2  (DR15)  DR6  (DR13)  DQ1  DQ6  0  1  0  0  1

In bold the HLA mismatches of donor with recipient are indicated. *de novo DSAs against the HLA type of the donor present in the
recipient after LTx. ‡Mean fluorescence intensity measured: 6400 for both. §Mean fluorescence intensity measured: 1000. DSAs were
measured in pre- and post-LTx serum samples by a standardized Luminex single antigen test.

Table  2  Histology  of  biopsies  and  explants.

Indicative  of  TCMR  Transition  of  AR  to  CR  CR  AMR

Biopsy  (B)  or  explant  (E)  RAI  score  Central  Perivenulitis  Ductopenia  (%  of  portal  field)  C4d  score§  h-score

B1a  5*  +++  Yes  (90%)  ND  1
B1b 3*  +++  Yes  (90%)  0-1  1
E1 7  +++  Yes  (80-90%)  2  1
B2a 5*  ++(+)  Yes  (90%)  0  1
B2b 1*  ++(+)  Yes  (90%)  2-3  0
E2 5*  +++  Yes  (>95%)‡  3  0
B3a 7  +(+)  No  0  1
B3b 2  -  No  0  0

Biopsies after 1st (B1), 2nd (B2) and 3rd (B3) LTx, before (a) and after (b) rescue treatment, and explants after 1st (E1) and 2nd (E2)
LTx are depicted. *Bile duct inflammation could not be determined due to ductopenia. Therefore, RAI scores are without bile duct
inflammation score. ‡Foamy arteriopathy present towards hilus. §C4d was determined in formalin-fixed paraffin-embedded biopsies
by immunohistochemistry with a monoclonal antibody. Due to a shortage of biopsy tissue before rescue treatment after first LTx, C4d
staining could not be performed. — none, + mild, ++ moderate, +++ severe. AMR, antibody-mediated rejection; AR, acute rejection;
CR, chronic rejection; h-score, histopathology-score; ND, not determined; RAI, rejection activity index; TCMR, T-cell-mediated
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rejection.

nd  rejection,  an  alternative  protocol  was  developed.  In
rder  to  minimize  the  possibility  of  developing  TCMR,  CR
nd  possible  AMR  due  to  pre-existing  DSAs  or  de  novo  DSAs,
t  was  decided  to  accept  only  a  donor  liver  with  minimal  HLA
ismatches  with  the  recipient.  Fortunately,  a  suitable  ABO-

ompatible  DBD  donor  liver,  with  only  one  HLA  mismatch
ith  the  recipient  (Table  1),  was  available  189  days  after

he  second  transplantation.  The  second  change  was  the  type
f  induction  therapy  given  around  the  time  of  LTx.  A  case
eport  by  Yamada  et  al.  [9]  indicated  that  rATG  induction
herapy  resulted  in  minimal  TCMR  and  no  AMR  after  the
econd  (non-HLA-matched)  transplantation,  while  the  first
iver  transplant  was  lost  due  to  severe  AMR.  A  study  per-
ormed  by  Kubal  et  al.  [10]  indicated  that  with  the  use  of
ATG  lower  rejection  rates  were  observed  compared  to  other
nduction  therapies.  Therefore,  instead  of  administering
ethylprednisolone  and  basiliximab,  1.5  mg/kg  i.v.  rATG  (as

sed  in  the  case  report  of  Yamada  et  al.)  was  administe-
ed  on  day  1  and  3  after  LTx.  Maintenance  IS  regimen  was
dministered  as  described  above.  With  this  adjusted  proto-
ol  the  patient  did  not  develop  CR,  nor  de  novo  DSAs  and  AMR
fter  the  third  LTx  (Fig.  1G;  Table  2).  Unfortunately,  a  mild

cute  TCMR  developed  after  337  days,  which  quickly  and
ully  resolved  after  administering  standard  1000  mg  methyl-
rednisolone  for  three  consecutive  days,  as  was  confirmed
y  a  follow-up  liver  biopsy  (Fig.  1H;  Table  2).  Maintenance  IS

w
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egimen  was  set  to  tacrolimus  5  mg  and  prednisolone  7.5  mg.
or  at  least  346  days  thereafter  (683  days  in  total),  the
atient  is  stable  with  the  third  donor  liver  graft.

iscussion

ere  we  describe  a  young  patient  with  PSC  in  which  the  two
rst  liver  transplants  led  to  TCMR,  CR  and  possible  AMR  after
5  and  13  days  respectively,  including  de  novo  DSA  forma-
ion.  The  allograft  response  against  donor  HLA  was  probably
he  cause  of  severe  rejection  and  graft  loss  after  both  LTx.
here  is  no  clear  protocol  and/or  study  in  the  literature
hat  describes  how  to  approach  and  resolve  such  difficult
ituations.  Based  on  available  information  and  experience  in
ur  transplant  unit,  we  chose  to  match  the  HLA  type  of  the
onor  as  closely  as  possible  to  the  HLA  of  the  recipient,  and
o  apply  another  induction  regimen  post-operatively.  In  this
ay,  the  allograft  response  against  donor  HLA  was  limited
fter  the  third  LTx.  The  adjusted  protocol  led  to  rejection-
ree  survival  for  up  to  337  days,  absence  of  DSA  formation
nd  graft  survival  for  at  least  683  days.  At  day  337  a  TCMR

as  diagnosed,  but  the  patient  responded  well  to  the  stan-
ard  rescue  treatment,  in  contrast  to  the  earlier  episodes  of
ejection  observed  after  the  first  and  second  LTx.  We  spe-
ulate  that  the  extent  of  the  rejection  after  the  third  LTx
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F
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igure  1  Biopsies  and  explants  after  first  and  second  LTx  indicate
ndicate TCMR  only.

4

 multiple  forms  of  rejection,  whereas  biopsies  after  third  LTx
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as  limited  due  to  HLA  matching,  as  is  supported  by  the
bsence  of  DSA  formation  and  CR,  and  that  this  contribu-
ed  to  a  rapid  clinical  response  after  rescue  treatment  with
ethylprednisolone.
Instead  of  the  standard  induction  treatment  of  methyl-

rednisolone  and  basiliximab,  rATG  was  used  around  the
hird  LTx.  Although  rare  in  liver  transplantation,  rATG  is  a
ymphocyte-depleting  polyclonal  antibody  commonly  used
nd  indicated  for  the  (induction)  treatment  of  acute  renal
llograft  rejection.  It  causes  a  persistent  increase  of  regu-
atory  T-cells  and  a  prolonged  reduction  in  effector  CD4+
-cells  and  B-cells  [11].  On  the  other  hand,  methylpredni-
olone  works  by  preventing  overall  inflammation,  whereas
asiliximab  prevents  activation  of  T-cells.  Yamada  et  al.  [9],
escribed  that  with  the  use  of  rATG  as  induction  regimen,  an
MR  and  subsequent  second  liver  graft  loss  was  prevented.

n  addition,  several  other  studies  in  liver  [10]  and  kidney
12]  transplantation  have  indicated  that  with  rATG  lower
ejection  rates  were  observed  compared  to  other  induction
egimens.  However,  for  some  sensitized  kidney  transplant
ecipients  rATG  (with  rituximab)  induction  treatment  alone
as  not  sufficient  to  avoid  an  AMR  [13].  Therefore,  mat-
hing  of  HLA  between  recipient  and  donor  was  added  to  our
djusted  protocol.  We  believe  that  this  rigorous  method  of
nduction  therapy,  aside  from  HLA  matching,  was  needed  to
void  de  novo  DSA  formation  with  AMR  and  CR  and  to  succeed
ith  a  re-LTx.

Although  definite  criteria  have  been  described  for  the
iagnosis  of  acute  AMR  after  LTx  [6],  its  lower  incidence
ompared  to  other  solid  organ  transplants,  the  (technical)
ifficulties  in  unmasking  a  C4d  staining  and  the  relatively
ften  patchy  expression  of  C4d  (C4d  score  2  and  3  show  only
inimal  of  focal  staining),  make  a  confident  histopathologi-

al  diagnosis  on  a  liver  biopsy  challenging  [14].  On  the  other
and,  CR  with  absolute  ductopenia  within  a  month  after  both

Tx,  was  very  striking  in  this  case.  Other  etiologies/diseases
eading  to  vanishing  bile  ducts  were  considered  in  the  dif-
erential  diagnosis,  but  both  the  lack  of  ductular  reaction
nd  an  appropriate  clinical  history  made  them  incompatible
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iopsies  before  (A)  and  after  (B)  rescue  treatment  and  explant  (C)  aft
ell infiltrates.  Yellow  dotted  circle:  portal  triad,  Green  arrow:  endo
, C.  ii:  TCMR  with  central  perivenulitis,  obvious  hepatocyte  dropo
ircle: perivenular  area,  Green  arrow:  central  vein.  A,  B.  iii:  Focal  

rea without  recognizable  bile  duct,  indicative  of  CR.  A/B,  C.  iv:  

mmunostaining  indicates  obvious  loss  of  bile  ducts  and  the  lack  o
ndicative of  CR.  Green  arrow:  a  single  portal  field  in  the  explant  liv
E) rescue  treatment  and  explant  (F)  after  second  LTx.  D,  E,  F.  i:  TC
ell infiltrates.  Yellow  dotted  circle:  portal  triad,  Green  arrow:  endot
ropout and  moderate  inflammatory  infiltrates.  Yellow  dotted  circle:
ii: Focal  microvasculitis  (D,  green  arrow),  suggestive  of  AMR.  In  E  no
rea. F.  iii:  Portal  area  with  foamy  arteriopathy  (green  dotted  ci
ndicates the  obvious  loss  of  bile  ducts  and  the  lack  of  ductular  reac
reen arrow:  areas  with  ductular  metaplasia.  Biopsies  before  (G)  an
rominent portal  inflammatory  cell  infiltrates.  Yellow  dotted  circle:  

. ii:  TCMR  with  central  perivenulitis  and  mild/moderate  inflammato
igns of  rejection  in  the  portal  (dotted  yellow  circle)  and  pericentral
ighlights the  presence  of  the  original  bile  ducts.  Abbreviations:  A
iver transplantation;  TCMR,  T-cell-mediated  rejection.
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ith  this  case.  Moreover,  retrospectively  the  identification
f  foamy  arteriopathy  in  the  big  (peri)hilar  arterial  branches
n  the  second  explant  specimen,  also  pointed  towards  CR.
aving  a multidisciplinary  team  with  experts  in  early  recog-
ition  and  application  of  a  suitable  treatment  is  paramount
or  solving  such  complicated  cases  with  different  types  and
everity  of  rejection.

From  this  case  we  can  conclude  that  whenever  a  liver
raft  is  (repeatedly)  lost  due  to  severe  acute  TCMR,  possible
MR,  DSA  formation  and  chronic  rejection  short  after  LTx,
LA  matching  between  donor  and  recipient  in  combination
ith  a  more  rigorous  IS  regimen  should  be  considered  as  a
rimary  treatment  option  instead  of  a  standard  re-LTx,  in
rder  to  improve  graft  and  patient  survival.
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er  first  LTx.  A,  B,  C.  i:  TCMR  with  prominent  portal  inflammatory
theliitis,  Yellow  arrow:  bile  duct  inflammation  and  damage.  A,
ut  and  mild/moderate  inflammatory  infiltrates.  Yellow  dotted
microvasculitis  (green  arrow),  suggestive  of  AMR.  C.  iii:  Portal
Keratin  7  (#790-4462,  Clone:  SP52,  Ventana  Medical  Systems)
f  ductular  reaction  in  the  portal  areas  (red  dotted  circles),
er  with  native  bile  duct  present.  Biopsies  before  (D)  and  after
MR  with  prominent  (D  and  F)  and  mild  (E)  portal  inflammatory
heliitis.  D,  E,  F.  ii:  TCMR  with  central  perivenulitis,  hepatocyte

 perivenular  area,  Green  arrow:  central  vein  endotheliitis.  D,  E.
 recognizable  microvasculitis.  Yellow  dotted  circle:  perivenular
rcle),  indicative  of  CR.  D/E,  F.  iv:  Keratin  7  immunostaining
tion  in  the  portal  areas  (red  dotted  circles),  indicative  of  CR.
d  after  (H)  rescue  treatment  after  third  LTx.  G.  i:  TCMR  with

portal  triad,  Green  arrow:  bile  duct  inflammation  and  damage.
ry  infiltrates.  Yellow  dotted  circle:  perivenular  area.  H.  i,  ii:  No

 area  (green  dotted  circle).  G,  H.  iii:  Keratin  7  immunostaining
MR,  antibody-mediated  rejection;  CR,  chronic  rejection;  LTx,
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