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Abstract  Budesonide  is a  glucocorticoid  characterized  by  its  local  action,  with  a  low  systemic
bioavailability.  Since  the  original  trial  comparing  budesonide  with  prednisone  in  2010,  it  is
recommended  as  an  effective  alternative  for  the  treatment  of  non-severe  acute  or  chronic
autoimmune hepatitis.  In this document,  we  review  the  general  pharmacologic  properties
of glucocorticoids,  the available  evidence  for  the  use  of  budesonide  as first  line  option  for
autoimmune  hepatitis  as  well  as  the  safety  profile  of  the  drug.
© 2021  Elsevier  España,  S.L.U.  All  rights  reserved.
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Budesonida  en  primera  línea  de  tratamiento  de pacientes  con  hepatitis  autoinmune

Resumen  La  budesonida  es  un glucocorticoide  que  se  caracteriza  por  su  acción  local,  con
una baja biodisponibilidad  sistémica.  Desde  el  ensayo  original  publicado  en  2010,  en  el  que
se comparó  la  budesonida  con  prednisona,  se  recomienda  como  una alternativa  eficaz  en  el
tratamiento  de  los  pacientes  con  hepatitis  autoinmune  aguda  o crónica  no  grave.  En  este  docu-
mento, revisamos  las  propiedades  farmacológicas  generales  de  los  glucocorticoides,  la  evidencia
disponible  para  el uso  de budesonida  como  fármaco  de  primera  línea  en  estos  pacientes,  así
como el  perfil  de  seguridad  del  fármaco.
©  2021  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

∗ Corresponding author.
E-mail address: alvaro.diaz@scsalud.es (Á. Díaz-González).

https://doi.org/10.1016/j.gastrohep.2021.11.012
0210-5705/© 2021 Elsevier España, S.L.U. All rights reserved.2444-3824

http://crossmark.crossref.org/dialog/?doi=10.1016/j.gastre.2021.11.003&domain=pdf


I. Olivas,  M.  Cobreros,  M.-C.  Londoño et  al.

Background

Autoimmune  hepatitis  (AIH)  is  a chronic  inflammatory  liver
disease  endowed  with  a  progressive  course.  This  condi-
tion  is characterized  by  hypertransaminasemia,  elevation  of
gammaglobulines  and  the presence  of autoantibodies.  His-
tologically,  the  typical  findings  are interface  hepatitis  and
lymphoplasmacytic  portal  infiltrate.1 The  exact  pathogen-
esis  of  AIH  is  unknown.  Nevertheless,  different  hypotheses
point  towards  environmental  agents  that  may  trigger  T  cells-
mediated  immune  response  to liver  antigens  in a genetically
predisposed  host.2 Interestingly,  although  AIH  was  the first
liver  disease  with  a targeted  treatment  in the  early  60s,  it
is  still  a  challenging  scenario  where  treatment  options  have
not evolved  significantly.  In fact,  this  therapeutic  armamen-
tarium  mainly  consists  of  inducing  remission  with  prednisone
associated  with  a long-term  use  of steroid-sparing  drugs,
usually  azathioprine.1,3 However,  international  guidelines
also  recommend  budesonide  as  an  alternative  first  line  agent
in  patients  without  cirrhosis  or  severe  AIH1,3 (defined  as INR
>1.5  and  <2  and/or  total  bilirubin  >=  12  mg/dL4).

The  aim  of  this review  is  to deepen  into  the  current
knowledge  and  available  evidence  of  budesonide  as  first-line
option  in  the  treatment  of  AIH.

General pharmacologic  characteristics
of  glucocorticoids

Glucocorticoids  are natural  steroid  hormones  secreted
by  the  adrenal  gland,  whose  production  is  regulated  by
the  hypothalamic---anterior  pituitary---adrenocortical  axis,
being  cortisol  the most relevant  glucocorticoid.  Briefly,
corticotrophin-releasing  hormone  induces  the release  of
adrenocorticotrophic  hormone  (ACTH)  in the anterior  pitu-
itary,  stimulating  the delivery  of  cortisol  from  the adrenal
gland.5 Moreover,  cortisol  production  is  characterized  by
a  circadian  pattern,  with  the  highest  plasma  concentra-
tions  in  the  morning  and  the  lowest  at night.5 This  hormone
exhibits  a  plethora  of  effects  involving  almost  every  organ,
probably  being  the anti-inflammatory  effects  the most  rec-
ognized  ones.  Thus,  synthetic  analogues  of  cortisol  have
been  developed  by  means  of  structural  modifications  in
the  glucocorticoid  nucleus,  enhancing  the anti-inflammatory
effect  and  decreasing  the mineralocorticoid  activity  and
being  used  for  treating  a  wide  range  of  inflammatory  and
immune-mediated  diseases.5 These  modifications  confer  an
increased  specificity  for  the glucocorticoid  receptor,  with  a
longer  efficacy  and  an increased  lipophilicity.  The  bioavail-
ability  of  the  drug after  oral  ingestion  ranges  from  60 to
100%,  with  a moderate  protein  binding  to  transcortin  and
albumin,  being  the free  fraction  the responsible  of  both
desired  and  undesired  effects.6

Prednisone

Prednisone  is  a prodrug  transformed  by  11�-hydroxysteroid
dehydrogenase-1  into  prednisolone,  the active  drug.  After
ingestion,  plasma  concentrations  reach  its  peak in 0.5---3 h,
with  a  reported  bioavailability  of  84  + 13%.6 Cortisol  and
prednisolone  share  a  comparable  biochemical  structure,

although  the latter  presents  a  double bond  C1  =  C2,  con-
tributing  to  its  higher  affinity  to the  glucocorticoid  receptor
and  leading  to  a 4 times  higher  activity  than  cortisol.7

As  mentioned  before,  AIH  was  the  first  liver  disease  with
a  specific  treatment,  being  prednisone  the drug of  choice.
The  evidence  comes  from  the  original  clinical  trials  run  in
the  70s and 80s,  where  untreated  patients  had  a  dismal  evo-
lution,  while  those  under  corticosteroid  therapy  improved
their  liver  tests  and had  longer  survivals.  A  summary  of  these
trials  is  captured  in  Table  1.

Budesonide

Under  a structural  point  of view,  budesonide  is  a 17-�
substituted  steroid obtained  by  modifying  the 6-�-hydroxy-
prednisolone  nucleus  by  adding  a 16� and  17�  acetyl  group.8

The  introduction  of  lipophilic  constituents  at the  17-�
and  16-� positions  increases  tissue  penetration  and  drug
potency.8 In  fact,  it is  a potent  topical  anti-inflammatory
agent9 with  an affinity  for  the  glucocorticoid  receptor  195
times  greater  than  hydrocortisone  and 15  times  higher
than  prednisolone.10,11 Mechanistically,  budesonide  acti-
vates  glucocorticoid  receptors  in the  cytoplasm  allowing  its
translocation  to  the nucleus,  preventing  the transcription
of  inflammatory  genes  by  binding  to  cortisol  binding  protein
and  decreasing  cytokine  production  by  activating  HDCA2.12

When  administered  orally,  the  systemic  bioavailability  of
budesonide  is  around  10%,  as  the  90%  of the  drug is  cleared
in  the  hepatic  first-pass  clearance.13,14 The  metabolism  of
budesonide  is  predominantly  driven  by  CYP3A4,  obtaining
the  two  most relevant  metabolites:  6�-OH-budesonide  and
16�-OH-prednisolone,  both  presenting  a  marginal  glucocor-
ticoid  activity.15 Although  budesonide  is not characterized
by  presenting  many  drug-to-drug  interactions,  some  drugs
should be used  cautiously  when  administered  concomitantly.
Hence,  cytochrome  P450  inhibitors  such as ketoconazole,
azithromycin  or  protease  inhibitors,  among  others,  may
increase  plasma  exposure  of  budesonide,  and the  combi-
nation  should  be avoided.16 On the  other  hand,  CYP3A4
inducers  (phenobarbital,  carbamazepine,  phenytoin)  reduce
budesonide  exposure,  decreasing  its  effectiveness.16

Budesonide as first  line  drug for
autoimmune hepatitis

The  usefulness  of  budesonide  in  the  treatment  of AIH  was
formerly  evaluated  in the seminal  study  carried  out  by
Danielsson,17 in  the early  1990s.  However,  it  was  not until
2005  where  the first  trial  evaluating  this drug in  untreated
patients  was  published.18 In  this open  one-arm  multicen-
ter phase  IIa  trial,  the  authors  evaluated  the ability  of
budesonide  in inducing  response  in these  patients,  by  mea-
suring  the drop of  transaminases  three  months  after  starting
the treatment.  The  authors  showed  that budesonide  was
not  only effective  in reducing  transaminase  levels  below
twice the  upper  limit  of  normal,  but  also  reducing  IgG
and  gammaglobulines.18 Furtherly,  Manns  et  al. published
the  only  currently  available  trial  comparing  prednisone  and
budesonide  as  first  line  therapies  in the  management  of
AIH.14 Budesonide  was  not  only  effective,  but  also  supe-
rior  to  prednisone.  In fact,  47% of  patients  treated  with
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budesonide  reached  the primary  endpoint,  while  only  18.4%
of  those  treated  with  prednisone  did  it. These  unexpected
results  may  be explained  by  the unconventional  definition  of
the  primary  endpoint,  as  it was  a  composite  one  gathering
biochemical  remission  with  the  absence  of  adverse  events
related  to  corticosteroids.  It is  worth  mentioning  that  this
unusual  endpoint  was  also  used  in a  similar  trial  done  in
AIH  pediatric  patients.19 However,  the  results  were  remark-
ably  different,  as  the primary  endpoint  was  only  reached
in  16%  and  15%  of patients  treated  with  budesonide  and
prednisone,  respectively.19

Beyond  these  trials,  the evidence  is  limited.  Delgado
et  al.  published  the results  of  a large  retrospective  multicen-
ter  cohort  of AIH  patients  in  Israel.20 Biochemical  remission
was  achieved  in 63%  of  patients  treated  with  budesonide  plus
azathioprine  and  54.9%  of  patients  treated  with  the com-
bination  of prednisone  plus azathioprine.  However,  15%  of
these  patients  included  were  also  diagnosed  with  overlap
syndrome  and,  notably,  budesonide  (or  the  combination  of
budesonide  and  azathioprine)  was  used  only in 21 patients.
In  this  regard,  a  recent  work  from  Turkey  retrospectively
evaluated  this  scenario.21 In  their  work,  they included  50
untreated  AIH  patients:  25  treated  with  budesonide  plus
azathioprine  and 25  with  the  combination  of prednisone
and  azathioprine.  Although  they  did  not identify  differences
in  biochemical  remission,  inflammatory  activity,  indirectly
measured  by  median  transaminase  levels,  was  lower  than
in  any  other  study  -or in  the real-life  setting-  and, more
importantly,  the  definition  they  used did not consider  the
normalization  of  IgG (or  gammaglobulin),  potentially  limit-
ing  the  evaluation  of  the  results.  These  studies  and  others
evaluating  budesonide  as first  line  alternative  are summa-
rized  in  Table  2.

Despite  the  good  results  obtained  in phase  II  and  phase
III  trials,  the  use  of  budesonide  in naïve  AIH  patients  is
rare.22,23 Of note,  an international  multicenter  survey  dis-
closing  the  current  management  of the disease  in  different
worldwide  centers  with  recognized  expertise  in the treat-
ment  of  AIH  patients,  evidenced  that  budesonide  was  not
used  in  any  center  as  first  line  option  for  the induction  of
disease  remission.  The  reason  for  this paucity  of use  is  proba-
bly  the  consequence  of  the  generalized  perception  of  lower
efficacy.  A  recent  multicenter  Spanish  work,  presented  in
the  2021s  Spanish  Association  for  the Study  of  the Liver
annual  meeting,  showed  that  budesonide  use  was  marginal
(only  5.4%  of  the cohort)  and,  more  importantly,  it  was
significantly  inferior  to  prednisone.24 In terms  of efficacy,
the  authors  compared  the  two  cohorts  through  an Inverse
Probability  Treatment  Weighting  (IPTW) propensity  score,
identifying  that  those  patients  treated  with  budesonide  pre-
sented  a  lower  probability  of  reaching  biochemical  response
at  6 months  (OR  0.44;  CI95%  0.24---0.81;  p < 0.009),  at  12
months  (OR  0.43;  CI95%  0.23---0.8;  p < 0.008)  and during  the
follow-up  (OR  0.29;  CI95%  0.14---0.58;  p  < 0.0001)  (Table 4).

Indications and  regimen  of budesonide
as first line drug

In untreated  patients  diagnosed  of  non-severe  acute
or  chronic  AIH,  budesonide  is an adequate  alternative
treatment  endorsed  by  international  guidelines.1,3 The

recommended  dose  is  budesonide  3 mg  three  times  per
day,  combined  with  weight-adjusted  azathioprine.3 Once
biochemical  response  is  documented,  budesonide  tapering
during  the upcoming  6 months  is  recommended,  until
reaching  a  dose  of  3  mg daily.  Once  biochemical  remission
is  consolidated,  budesonide  withdrawal  can  be considered
while  maintaining  AZA  treatment.  However,  due  to  the
short  life  of budesonide,  it is  unclear  whether  this  reduction
scheme  is  reasonable.1

While  budesonide  is  an alternative  in the  non-severe  sce-
nario,  it  cannot  be considered  in  the  presence  of acute  liver
failure  or  cirrhosis.  First,  because  there  is  no  evidence  of
its  efficacy,  as  these  patients  were  not  included  in the  for-
mer  trial.  Second,  because  the presence  of portosystemic
shunts  in  patients  with  cirrhosis  may  decrease  budesonide
efficacy  and increase  the  risk  of  adverse  events  by  bypass-
ing  the  liver.25 Finally,  some reports  have warned  about
the increased  risk  of  portal  thrombosis  in cirrhotic  patients
treated  with  budesonide,  discouraging  its  use.3

Budesonide  safety  profile

Because  of  the  marginal  use  of  budesonide  in untreated
patients,  the extent  of  information  about  the safety  pro-
file  in this specific  scenario  is  scant.  In  the original  trial,
patients  treated  with  budesonide  presented  a  significant
lower  rate  of adverse  events  (AEs)  compared  to  patients
on  prednisone.14 Specifically,  26%  of patients  in the  budes-
onide  group  presented  at  least  one  AE  during  the follow  up,
being  moon  face,  acne and  hirsutism  the  leading  causes.  On
the  other  hand,  up  to 51.5%  of  patients  treated  with  pred-
nisone  developed  at least  one  AE,  reporting  the same  leading
causes.14 Interestingly,  no  patient  treated  with  prednisone
presented  diabetes  as  side  effect,  while  4  patients  (15.4%)
on  budesonide  presented  this  complication.

A few  years  later,  a  similar  trial  was  carried out  in the
pediatric  population.  The  authors  did not identify  differ-
ences  in the emergence  of  AEs  in budesonide  and  prednisone
cohorts  either  at 6 or  12  months  after  treatment  initiation.19

The  data  about AEs  emergence  in the different  published
studies  is  summarized  in Table  2.

A recent  Dutch  study  specifically  evaluated  the risk  of
developing  steroid  related  AEs  in  AIH  patients  ---  including
overlap  with  Primary  Biliary  Cholangitis  (PBC)  or  Primary
Sclerosing  Cholangiits  (PSC)  ---  treated  with  low  doses  of
prednisone  or  budesonide.  There,  they  reported  that  pred-
nisone  exposure  increased  the  risk  of  AEs  (OR  1.08,  CI95%
1.06---1.11),  while  budesonide,  although  bordering  the sta-
tistical  significance,  did  not  (OR  1.09,  CI95%  1.00---1.2).22

Nevertheless,  the  authors  found  that  not  only prednisone,
but  also  budesonide  significantly  increased  the risk  of
cataracts  and  bone  fracture.  In fact,  these  latter  AEs  per-
sisted  after  correcting  for  prior  prednisone  use,  suggesting
that  the use  of  budesonide  does  not avert  the risk  of  them.

A  fearsome  side  effect  of steroids  is  adrenal  insufficiency,
as  its consequences  can be devastating.  On this subject,  a
recent  placebo-controlled  trial  of  PBC patients  treated  with
budesonide  showed  a  slight  reduction  of  serum  cortisol  in
patients  treated  with  the  drug  with  respect  to  those  on
placebo.26 However,  besides  some case  reports  describing
anecdotal  cases  of this  complication  in the  AIH  setting,27 the
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Table  3  International  guidelines  recommendations  for  the  treatment  of  autoimmune  hepatitis.

Guideline  Drug  Induction  dose  Tappering  Azathioprine
(yes/no)

Duration  of
treatment

AASLD  20203 Prednisone  20---40  mg  daily  Tapper  to  5---10  mg
daily

Yes  At  least  2  years

Budesonide  3 mg  thrice
daily

Tapper  to  3  mg  daily  Yes

ESPGHAN  201941 Prednisone  2 mg/kg  daily
(maximum  60
mg/day)

Tapper  to  2.5---5  mg
daily

Yes  At  least  2---3
years

Budesonide  Undefined  Undefined  Undefined  Undefined
Hellenic 201842 Prednisone Prednisolone

0.5---1  mg/kg
daily

Individualized
according  to  response
and side-effects
Complete  PDN
withdrawal  after  6---8
months

Yes At  least  3  years

Budesonide  9 mg  daily  Not  defined  Yes
EASL 20151 Prednisone  0.5---1  mg/kg

daily
(a)  From  60  to  20  mg
- 10  mg  weekly
(b)  From  20  mg  to
10  mg
- 2.5---5  mg  biweekly
(c) From  10  mg
- Individualized
according  to  response

Yes  At  least  three
years  and  24
months  after
biochemical
remission

Budesonide  9 mg  daily Not  clearly  defined Yes
BSG 201143 Prednisone 30  mg  daily 5  mg  weekly  until

10  mg  daily
Yes  At  least  2  years

and  12  months
after
biochemical
remission

Budesonide  9 mg  daily  Not  defined  Yes  Not defined

Table  4  Baseline  characteristics  of  the  patients  included  in  the  study  by  Díaz-González  et  al.24

Centres  21  Spanish  centers

Study  period  2009---2020

Budesonide  Prednisone

Number  of  patients  151 218
Women (n,  %) 107 (70.9)  154 (70.6)
Age (years,  median,  IQR)  62,2  (46.3---71.5)  62,4  (50.7---72.1)
Cirrhosis (n,  %)  8 (5.4)  38  (17.5)
Induction dose  (median,  IQR)  9 (9---9)  50  (30---60)
Azathioprine (n,  %)  132 (88.6)  184 (86)

IQR: interquartile range.

information  is  very  limited  and comes  from  studies  ran  in  the
inflammatory  bowel  disease  (IBD) scenario.  There,  different
studies  agree  with  the  results  from  the PBC study26:  budes-
onide  induces  a mild  reduction  in  plasma  cortisol,  but  it  is
not  a  clinical  concern  at the  usual  doses  recommended  in
the treatment  of AIH.11,28 Moreover,  other  studies  analyzing
long-term  use  of  budesonide  at 3---6 mg doses  have shown  an
absence  -or  very  limited-  of  effect  on  adrenal  function.29---31

Are  calcium and vitamin D supplements
necessary?

As  per  guidelines,  DEXA  (dual-energy  X-ray  absorptiometry)
scan  of  both  vertebrae  and hips  should  be done  in patients  at
risk  of  osteoporosis  at AIH  diagnosis,  and  every  2---3  years  in
patients  with  ongoing  risk  factors.3 In  fact,  the most preva-
lent  risk  factor  in  AIH  patients  is  the immunosuppressive
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treatment  itself,  specifically  the prolonged  use  of  corti-
costeroids.  However,  the body  of  evidence  mostly  comes
from  the  IBD setting32 where  a randomized  trial  comparing
prednisone  and  budesonide  in patients  with  active  Crohn’s
disease  showed  a  significantly  higher  bone  loss  in patients
treated  with  prednisone.33 However,  this  was  not  confirmed
on  other  studies.34

Prospective  long  term  studies  evaluating  impact  of  budes-
onide  in  the  bone  density  of  patients  with  AIH  are lacking.
However,  Van  den  Brand  et  al.22 recently  showed  that
budesonide  exposure  significantly  increases  the  risk  of  bone
fracture,  reporting  an  OR  1.14  (CI95%  1.03---1.27).  There-
fore,  considering  the  ease  of use  and  its favorable  profile,
as  well  as  the  need  of  prolonged  therapy,  treatment  with
vitamin  D  and  calcium  is  safe and probably  a cost-effective
approach.

Discussion

Budesonide  is  a  potent  synthetic  corticosteroid  with  a lower
systemic  bioavailability  because  of  the high  first-hepatic
pass  clearance.  Although  this drug  is  recommended  as  an
effective  alternative  by  the different  international  societies
(Table  3),  its  use  in the  real-life  setting  is  low. Recently,  a
retrospective  multicenter  study  developed  in  Spain  showed
that  the  probability  of  achieving  biochemical  remission  in
patients  treated  with  budesonide  is significantly  lower  than
those  treated  by  prednisone.24 However,  these  results  must
be  prospectively  validated.  In  terms  of safety,  the former
trial14 showed  a  lower  short-term  rate  of  AEs  in  patients
treated  with  budesonide.  However,  recent  data  show  that
budesonide  also  significantly  increases  the  risk  of  bone  frac-
ture  and  cataract.22

In  conclusion,  budesonide  is  a  safe and effective  drug in
the  setting  of  AIH, but  further  studies  are needed  in order
to  improve  patient  selection  for  its  use  as  first  line  induction
therapy.
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