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IGHLIGHTS
• OK-432  sclerotherapy  for  macrocystic  lymphangiomas  was  more  effective.
• This  meta-analysis  to  verify  whether  the  efficacy  of  OK-432  was  related  to  classification  for  the  first  time.
• OK-432  should  be  used  to  therapy  LMs  with  a  lesion  diameter  greater  than  1  cm.
• The  classification  basis  is  very  important  to  the  effect  of  sclerotherapy  treatment.
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Abstract
Objective:  This  study  aims  to  perform  a  meta-analysis  to  figure  out  the  efficacy  of  OK-432  scle-
rotherapy between  Macrocystic  (MAC)  lymphangiomas  and  Microcystic  (MIC)  lymphangiomas.
Methods:  We  conducted  a  systematic  review  and  meta-analysis  to  clarify  the  relationship
between OK-432  and  lymphangiomas.  PubMed  and  ISI  Web  of  Science  were  searched  from  incep-
tion to  May  2022.  Joanna  Briggs  Institute  (JBI)  manual  was  used  to  evaluate  the  risk  of  bias.  We
calculated  pooled  Relative  Risks  (RR)  and  95%  Confidence  Interval  (95%  CI)  using  random  effects
model to  evaluate  the  relations  between  OK-432  and  lymphangiomas.
Results:  A  total  of  11  studies  (including  352  cases)  about  OK-432  sclerotherapy  for  lymphan-
gioma were  included  in  the  current  meta-analyses.  The  results  suggested  that  the  efficacy
of OK-432  was  significantly  in  MAC  lesions  than  in  MIC  (RR  =  1.51,  95%  CI  1.298---1.764),  with
es  of  heterogeneity  among  11  studies  (I2 =  51.2%,  p  =  0.025).  Sub-
hat  there  was  significant  association  in  both  retrospective  studies
3)  and  classification  (by  1  cm)  (RR  =  1.37,  95%  CI  1.04---1.80)  were
y  of  OK-432.
significant moderate  degre
group analyses  suggested  t
(RR =  1.26,  95%  CI  1.03---1.5
associated  with  the  efficac
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Conclusion:  To  our  knowledge,  our  study  represents  the  first  meta-analysis  examining  the  effi-
cacy of  OK-432  in  the  treatment  of  different  types  of  LMs.  However,  the  regional  differences
and the  age  differences  of  the  subjects  are  the  main  limitations  of  this  study  and  should  be
avoided in  further  research.  Our  results  suggested  that  OK-432  sclerotherapy  for  macrocystic
lymphangiomas  was  more  effective.
© 2023  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Table  1  Inclusion  and  exclusion  criteria.

Inclusion  criteria

(1)  Evaluation  of  the  efficacy  of  OK-432
on LMs.
(2)  Using  descriptive  study,  case  control
study,  cohort  study,  or  randomized
clinical  trial  design.
(3)  Research  classify  LMs  into  three  or
two types.
(4)  Containing  complete  data
information.

Exclusion  criteria

(1)  Lymphangiomas  were  not  classified
according  to  lesions  size  or  were
unclassified.
(2)  Evaluation  of  efficacy  between  LMs
and other  sclerotherapy.
(3)  Studies  of  mechanisms  based  on
genes  or  proteins.
(4) Case  reports,  posters,  guidelines,
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ymphangiomas  (LMs)  are  kinds  of  benign,  low-flow  vascu-
ar  malformation  of  the  lymphatic  system  according  to  ISSVA
International  Society  for  the  Study  of  Vascular  Anomalies)1

Ms  may  occur  in  any  anatomic  region  of  the  body,  but  are
articularly  common  in  the  neck  and  head  (with  incidence
f  1.2---2.8  per  1000  live  births),2 as  well  as  axilla,  medi-
stinum,  groin,  and  retro-peritoneum.3,4 The  international
ncidence  of  LMs  has  been  reported  range  from  1/6000  to
/16,000  live  births  approximately.5 Besides,  LMs  represent
%---6%  of  benign  tumors  in  children.6,7 Nowadays,  LMs  are
till  significant  challenges  to  the  diagnosis  and  treatment  of
nterventional  radiologists.

OK-432,  also  called  picinanil,  was  originally  developed
n  Japan  as  a  chemotherapy  agent.8,9 The  toxinproducing
apacity  of  the  bacterium  is  eliminated  and  its  anticancer
roperties  are  strengthened  after  exposure  to  benzylpeni-
illin  and  heat  treatment.10 Previous  studies  have  shown
hat  OK-432  is  effective  in  treating  patients  with  vari-
us  cystic  diseases,  including  ranula,  salivary  mucocele,
uricular  hematoma,  thyroglossal  duct  cyst  and  other
iseases.9,11---13 And  over  the  past  30  years,  intracapsular
clerotherapy  has  become  the  most  standard  therapy  for
Ms.14,15

Recent  studies  also  suggested  that  the  sclerotherapy
ffect  of  OK-432  may  be  related  to  the  classification  of
Ms.16 Therefore,  on  the  basis  of  reviewing  previous  stud-
es,  we  used  meta-analysis  to  verify  whether  the  efficacy  of
K-432  was  related  to  classification  for  the  first  time.

ethods

iterature  and  search  strategy

wo  researchers  independently  searched  the  PubMed  and
SI  Web  of  Science  databases  from  inception  to  May  2022
or  related  published  studies.  The  literature  search  was  lim-
ted  to  the  English  language.  Index  terms  we  used  to  search
he  indicate  databases  were  ([lymphangioma]  OR  [lymphatic
alformations]  OR  [LM]  OR  [LMs]  OR  [angiolymphoid])  AND
[OK-432]  OR  [Picibanil]  OR  [Sapylin]).  Secondary  references
ncluded  in  these  literatures  were  also  recruited.  If  more
han  one  paper  was  published  on  the  same  cohort,  only  the
tudy  with  the  largest  sample  size  was  included.
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reviews,  letters  and  meeting  abstracts.

tudy  identification  and  selection

irst  papers  without  detailed  data  and  duplicates  in  terms
f  OK-432  and  LMs  were  excluded.  Two  reviewers  inde-
endently  assessed  the  articles  for  compliance  with  the
nclusion  criteria  and  resolved  discrepancies  by  discussion
ntil  agreement  was  reached.  Inclusion  and  exclusion  crite-
ia  were  shown  in  Table  1.

ata  extraction

he  following  information  was  extracted  from  each  study:
1)  Name  of  the  first  author;  (2)  Year  of  publication;  (3)
ountry  where  study  was  done;  (4)  Sample  size  of  the  study;
5)  Age  range  of  the  study  population;  (6)  Number  of  differ-
nt  outcomes  after  injection  of  drugs  for  different  types
f  lymphangiomas,  mainly  including  number  of  effective  or
neffective;  (7)  Number  of  males  and  females;  (8)  Number
f  cases  with  effective  treatment;  (9)  Methods  of  diagnosis
nd  evaluation  and  (10)  Definition  of  classification.  The  clas-
ification  of  lymphangiomas  was  according  to  ISSVA.  If  there

as  discordance  among  the  two  independent  researchers  for
ne  study,  its  eligibility  was  decided  by  the  3rd  investiga-
or.  11  publications17---27 with  352  patients  were  comprised.
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Figure  1  Flowchart  of

etailed  information  about  flowchart  of  the  study  selection
rocess  was  shown  in  Fig.  1.

ssessment  of  methodological  quality

referred  Reporting  Items  for  Systematic  Reviews  and  Meta-
nalyses  (PRISMA)  Statement  guidelines  were  used  to  report
he  results  of  this  systematic  review.  Two  independent
eviewers  used  the  Joanna  Briggs  Institute  (JBI)  Reviewers
anual  to  evaluate  the  bias  risk  of  the  11  articles  included

n  this  review  until  consensus  was  reached.28,29

tatistical  analysis

eterogeneity  was  assessed  by  the  Q-test  and  the  I2

tatistic.30 The  fixed  effects  model  was  used  when  I2 value
as  greater  than  50%.  Otherwise,  the  random  effects  model

as  used.  Sensitivity  analysis  was  performed  to  further
xplore  the  source  of  heterogeneity.  Publication  bias  was
ssessed  by  Begg’s  test31 and  Egger’s  test32 and  visually
ssessed  by  funnel  plot;  p  <  0.05  was  considered  statistically

w
l
p
M

3

study  selection  process.

ignificant.  All  the  statistical  analyses  were  conducted  using
TATA  version  14  (StataCorp  LP,  College  Station,  TX,  USA).

esults

tudy  characteristics  (Table  2)

e  included  11  associated  studies  from  11  publications  in
he  current  meta-analysis.  All  of  them  reported  the  results
f  OK-432  in  the  treatment  of  LMs.  The  subjects  ranged  in
ge  from  newborn  to  78  years  old.  All  the  lesions  were  diag-
osed  clinically  and  with  ultrasound,  Computed  Tomography
CT)  or  Magnetic  Resonance  Imaging  (MRI),  as  well  as  inter-
entional  radiology  examinations  and  classified  according  to
he  size  of  the  cysts  based  on  the  radiological  appearance.

 publications17---21 classified  Macrocystic  (MAC)  lesions  MAC

ith  a  diameter  greater  than  2 cm,  Microcystic  (MIC)  with

ess  than  2  cm  or  mixed  when  both  large  and  small  cysts  were
resent,  with  156  participants.  5  publications22---27 defined
AC  with  a  diameter  more  than  1  cm,  MIC  with  less  than
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Table  2  Characteristics  of  studies  include  in  the  meta-analysis  of  the  association  between  OK-432  and  lymphangiomas.

Study  Publish
year

Country  Study  design  Sample
size

Age  Gender  (F/M)  Number  of  effective  Diagnosis  methods  Classification
definition

MAC  MIC

Greinwald  et  al. 1999 American Prospective  study 12 1ma to  94m 2/10 4 2 MRI/CT
MAC>2
MIX<2

Giguere  et  al. 2002  American Prospective  study 29 6m  to  18yb 12/17 18 1
MRI/CT/Medical
photography

MAC>2
MIC(MIX)<2

Rautio  et  al. 2003 Finland
Retrospective
study 14 10  m  to  42y 6/8 7  4

MRI/CT/
Ultrasound

MAC>2
MIC(MIX)<2

Weitz-Tuoretmaa
et al.

2014 Finland
Retrospective
study 36 1  m  to  47  y 16/20 22 2 Clinical/MRI

MAC>2
MIC  (MIX)<2

Malic et  al. 2017 Canada
Retrospective
study 27 Unmentioned 12/15 14 5

Interventional  MAC>2
Radiology  MIC  (MIX)<2

Cantú-Reyes et  al. 2018  Mexico
Retrospective
study 26 Unmentioned 16/10

16  5
Radiological

MAC>2
MAC  MIC  MIC(MIX)<2

Claesson et  al. 2002 Sweden Prospective  study 32 2  m  to  64y 23/9 17 9
MRT/CT/
Ultrasound

MAC>1
MIC  (MIX)<1

Luzzatto et  al. 2005 Italy
Retrospective
study 27 Newborn  to  14y 8/19 12 5 Ultrasound

MAC>1
MIC  (MIX)<1

Luzzatto et  al. 2000 Italy
Retrospective
study 15 Newborn  to  15y 12/3 7 3

Ultrasound/MRI/
CT

MAC>1
MIC  (MIX)<1

Ghaffarpour et  al. 2015 Sweden
Retrospective
study 131 2m  to  78y 74/57 25 67 Ultrasound/MRI

MAC>1
MIC  (MIX)<1

Gilony et  al. 2012 Israel
Retrospective
study 20 5  m  to  10  y Unmentioned 13 6 MRI

MAC>1
MIC  (MIX)<1

PS: a Month; b Year.

4
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Figure  3  Sensitivity  analysis  of  the  pooled  Relative  Risks  (RR)
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igure  2  Forest  plots  of  the  summary  Relative  Risks  (RR)  with  

nd lymphangiomas.

 cm  and  mixed,  with  225  participants.  All  of  the  11  studies
ere  conducted  in  both  male  and  female  (Table  2).

esults  of  meta-analysis

 total  of  11  studies  (including  352  cases)  were  included  in
he  meta-analysis  of  the  efficacy  after  sclerotherapy.  The
esults  suggested  that  OK-432  was  significantly  effective  in
reating  large  cystic  LMs  when  compared  with  small  cystic
RR  =  1.51,  95%  CI  1.298---1.764),  with  significant  evidence
f  heterogeneity  among  11  studies  (I2 =  51.2%,  p  =  0.025),  so
e  used  a  random  effects  model  (Fig.  2).  The  result  was  sta-
le  after  sensitivity  analysis,  the  pooled  RR  (95%  CI)  ranging
rom  1.30  (1.09---1.56)  to  1.43  (1.19---1.73)  (Fig.  3).  There  was
o  evidence  of  publication  bias  with  Egger’s  test  (p  =  0.297,
5%  CI  −0.751  to  2.191)  (Fig.  4)  or  with  Begg’s  test  (p  =  0.102)
Fig.  5).  The  distribution  of  funnel  plots  was  symmetrical
Fig.  6).  The  results  of  JBI  assessment  showed  that  the  qual-
ty  of  the  included  literature  ranged  from  6  to  8  points,
hich  was  consistent  with  the  results  of  our  meta-analysis.

To  explore  potential  sources  of  moderate  heterogeneity
cross  studies  and  to  examine  the  impact  on  final  sum-
ary  estimates,  we  conducted  a  series  of  subgroup  analyses

ccording  to  study  design  (prospective  studies  or  retro-
pective  studies)  and  the  definition  of  classification  (the
lassification  was  bounded  by  1  cm  in  diameter  or  2  cm).
n  the  subgroup  analyses,  the  association  was  significant  in

etrospective  studies  (RR  =  1.26,  95%  CI  1.03---1.54)  (Supple-
entary  Fig.  1).  What’s  more,  the  significant  association

emained  for  5  studies  which  defined  diameter  greater  than
 cm  (RR  =  1.37,  95%  CI  1.04---1.80)  (Supplementary  Fig.  2).
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anged  from  1.30  (95%  CI  1.09---1.56)  to  1.43  (95%  CI  1.19---1.73).
o study  had  a  significant  impact  on  the  total  combined  results.

iscussion

o  date,  many  studies  have  investigated  the  association
etween  OK-432  and  sclerotherapy  outcome  of  LMs.17---27

he  researchers  used  prospective  or  retrospective  studies
o  demonstrate  the  clinical  efficacy  of  OK-432  in  the  treat-
ent  of  LMs.  But  none  of  them  has  indicated  which  type  of
Ms  is  better  treated  with  OK-432.  However,  the  results  have
een  inconsistent.  Reyes  et  al.  and  Claesson  et  al.  suggested
K-432  probed  to  be  an  effective  treatment  for  LMs.  But
ased  on  the  findings,  they  concluded  that  the  effect  of  scle-
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Figure  4  Egger’s  test  suggested  that  there  was  no  publication
bias.

Figure  5  Begg’s  test  suggested  that  there  was  no  publication
bias.
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Figure  6  Funnel  plots  for  detection  of  publication  bias.

otherapy  was  independent  of  size,  anatomical  position  or
lassification.22,23 Some  researcher  even  considered  OK-432
nsuitable  for  sclerotherapy  of  abdominal  lymphatic  malfor-

ations  because  of  the  difficulty  in  reducing  swelling  after

njection  and  the  unclear  effect  on  surrounding  tissues.33

owever,  other  researches  believed  OK-432  sclerotherapy  to
e  a  safe  and  effective  treatment  with  a  long  lasting  effect

C
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n  the  management  of  macrocystic  LMs.20,21,24 The  discrep-
ncy  might  be  due  to  the  limited  statistical  power  for  most
ncluded  cases.  In  the  present  meta-analysis,  we  confirmed
he  positive  association  between  OK-432  and  macrocystic
Ms.

LMs  are  rare  congenital  malformation  of  lymphatic
ystem.34 Sudden  enlargement  of  the  lesions  usually  signifies
ither  infection  or  haemorrhage.34,35 LMs  have  been  proved
ainly  affecting  children  less  than  1  year  of  age.2 Previous

esearches  have  confirmed  the  enlarged  lymphatic  vessels
ere  covered  with  mural  cells  in  lymphatic  malformations.36

eanwhile,  experiments  in  molecular  biology  proved  that
uman  Dermal  Lymphatic  Endothelial  Cells  (HDLECs)  were  in

 mesenchymal  status.  But  HDLECs  lost  their  mesenchymal
tatus  after  OK-432  treatment.  In  view  of  this,  they  sug-
ested  that  the  mechanism  of  OK-432  sclerotherapy  may  be
hat  decreased  LECs  mesenchymal  state  may  lead  to  vas-
ular  contraction.36 In  another  study,  researchers  declared
hat  antigen-presenting  cells  and  Toll-Like  Receptors  (TLR)
eem  to  play  a  dominant  role  in  the  working  mechanism
f  OK-432.37 Wiegand  et  al.  pointed  intracystic  levels  of
nterleukin  (IL-6,  IL-2R,  tumor  necrosis  factor-�)  were  ele-
ated  after  injection  OK-432.  They  suggested  that  OK-432
an  alter  the  level  of  interleukin  which  may  be  involved
n  the  pathogenesis  of  LMs.38 The  latest  research  reported
hat  Genotype-Adjusted  Variant  Allele  Fractions  (GVAFs)  are
ignificantly  higher  in  LMs  and  can  activate  PI3K  to  some
xtent,  which  can  also  make  patients  show  more  severe
linical  symptoms.39

However,  several  limitations  should  be  considered.  First,
he  included  studies  were  mainly  conducted  in  Europe  and
merica.  Our  findings  might  not  be  suitable  to  be  extended
o  populations  of  other  countries,  such  as  in  Australia.  Sec-
nd,  there  were  age  differences  for  the  studies  of  first  time
eceived  sclerotherapy.  Third,  the  combination  of  microcys-
ic  and  mixed  type  may  have  an  impact  on  the  judgment  of
fficacy.

onclusion

n  conclusion,  the  current  meta-analysis  suggested  that  the
fficacy  of  OK-432  is  more  effective  in  treating  macrocys-
ic  LMs  than  microcystic  LMs.  The  classification  basis  is  very
mportant  to  the  effect  of  sclerotherapy  treatment.  There-
ore,  we  suggest  that  OK-432  should  be  used  to  therapy  LMs
ith  a  lesion  diameter  greater  than  1  cm.

unding

his  study  is  supported  by  Science  and  Technology  Pro-
ram  of  Jinan  Municipal  Health  Commission  (2022-2-144),
xpression  and  clinical  significance  of  IFN-� in  lymphatic
alformation).  Clinical  Medical  Science  and  Technology
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ppendix A. Supplementary data

upplementary  material  related  to  this  article  can  be  found,
n  the  online  version,  at  doi:https://doi.org/10.1016/j.
jorl.2023.03.007.
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