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IGHLIGHTS
• The  overall  survival  rate  of  the  endoscopic  resection  group  was  comparable  with  the  open  resection  group.
• The  disease-free  survival  rate  of  the  endoscopic  resection  group  was  higher  than  the  open  resection  group.
• The  surgery  approaches,  the  adjuvant  therapy,  the  histopathology,  and  the  T-stage  have  independent  effects  on  the  survival

outcomes.
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Abstract
Objective:  To  compare  the  efficacy  of  endoscopic  and  open  resection  of  sinonasal  malignancies.
Methods: The  search  was  performed  using  PubMed  (1950---2020),  Embase  (1974---2020),  the
Cochrane  library,  and  the  website  clinicaltrials.gov.  The  hazard  ratio,  HR,  95%  confidence
interval,  CI,  of  the  rates  of  overall  survival  and  disease-free  survival  and  the  demographic
characteristics  of  the  included  studies  were  extracted  and  analyzed.  Pooled  analysis  was  con-
ducted with  the  studies’  individual  patient  data,  using  log-rank  test,  Kaplan---Meier  survival,
and Cox  regression  analysis.
Results:  Of  1939  articles  retrieved,  23  articles  were  included.  Overall,  1373  cases  were  incorpo-
rated into  the  final  analysis,  653  (47.56%)  of  which  underwent  the  surgery  through  an  endoscopic
approach,  whereas  720  (52.44%)  cases  utilized  the  open  approach.  The  overall  survival  was
scopic  and  open  resection  (HR  =  0.84  [95%  CI:  0.65---1.07],  p  =  0.16;
oled  analysis  with  Cox  regression  revealed  signifcant  differences  in

[95%CI:0.380-0.849],  p  =  0.006)  and  disease-free  survival  (HR  =  0.628
2)  between  endoscopic  and  open  approaches.
comparable  between  endo
random effects  analysis).  Po
overall survival  (HR  =  0.568  

[95%CI:0.424-0.929],  p  =  0.0
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Conclusion:  The  aggregated  evidence  suggests  the  survival  outcome  of  endoscopic  resection  is
comparable  or  greater  than  that  of  open  resection  of  sinonasal  malignancies.
© 2021  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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ntroduction

he  concept  of  endoscopic  endonasal  surgery  was  first  pro-
osed  in  1986  to  deal  with  recurring  rhinosinusitis.1 This
pproach  had  advantages  such  as  better  intraoperative
ision,  shorter  recovery  time,  and  potentially  smaller  post-
perative  facial  scar  or  deformity.2 Sinonasal  malignancies
re  known  to  be  rare  and  carry  a  high  risk  of  mortality.
n  2000,  Goffart  applied  endoscopic  resection  (ER)  for  the
reatment  of  selected  malignant  sinonasal  tumors,  as  he
bserved  that  there  was  little  difference  in  the  recurrence
ate  of  benign  lesions.3 Since  then,  endoscopy  has  been
tilized  in  the  treatment  of  sinonasal  malignancies.  How-
ver,  it  is  yet  to  be  discussed  whether  progressive  margin
esection,  uncontrolled  intraoperative  hemorrhage,  and  the
ifficulty  in  skull  base  reconstruction,  all  of  which  occur  in
ndoscopic  resection,  can  increase  the  risk  of  mortality  of
he  disease,4 especially  advanced  tumors.  Meanwhile,  with
he  development  of  high-definition  endoscopy  technology,
he  superiority  achieved  in  implementation  of  endoscopy  in
alignancies  cannot  be  neglected.  Several  meta-analyses

ave  compared  the  outcome  and  efficacy  of  the  endo-
copic  and  open  approaches  in  sinonasal  malignancies
ndirectly,  drawing  a  conclusion  that  the  two  approaches
ere  comparable.5,6 In  a  recent  study,  Lu  arrived  at  a
onclusion  that  the  length  of  hospitalization  was  shorter  in
ndoscopic  endonasal  surgery  than  in  open  resection  (OR).7

n  another  meta-analysis,  Hur  demonstrated  that  endoscopic
esection  of  sinonasal  melanoma  has  better  overall  survival.8

owever,  due  to  the  low  incidence  of  sinonasal  malignan-
ies,  the  selection  of  the  chosen  surgical  procedure  in
inonasal  malignancies  is  still  to  be  discussed.  The  evidence-
ased  implementation  of  endoscopic  and  open  approaches
emains  to  be  explored  due  to  the  rarity  and  heterogeneity
f  sinonasal  malignancies.

The  purpose  of  our  study  was  to  conduct  a  meta-
nalysis  of  the  current  literature  to  compare  the  outcome  of
inonasal  malignancies  via  endoscopic  and  open  approaches
nd  to  determine  whether  and  when  endoscopic  approaches
ould  achieve  a  comparable  or  better  efficacy.

ethods

earch  strategy

his  systematic  review  and  meta-analysis  were  conducted
nd  reported  based  on  the  MOOSE  (Meta-analysis  of  Obser-

ational  Studies  in  Epidemiology)  guidelines9 since  all  the
rials  involved  were  observational  studies.

The  search  was  performed  using  PubMed  (1950---2020),
mbase  (1974---2020),  the  Cochrane  library,  and  the  website

w
t
W
A

S20
linicaltrials.gov  by  two  reviewers.  The  keywords  used  in  the
earching  strategies  included  ‘‘sinonasal’’,  ‘‘malignancy’’,
‘endoscopic’’,  and  Medical  Subject  Headings  (MeSH)  terms,
ombined  by  Boolean  operators.  We  retrieved  literature
rom  the  reference  lists  of  the  obtained  literature  and  con-
acted  the  authors  by  e-mail  to  include  all  the  available
tudies.

nclusion  and  exclusion  criteria

he  following  inclusion  criteria  were  identified  systemati-
ally  in  all  the  included  studies:  1)  The  participants  were
iagnosed  with  sinonasal  malignancies  pathologically;  2)
he  participants  received  surgery  with  a  curative  intention
nd  were  allocated  to  the  ER  group  (including  endoscopic
ndonasal  surgery  and  endoscopic-assisted  surgery)  or  the
R  group  based  on  the  surgical  approach  employed.  Cases

n  each  group  were  no  less  than  3  individuals;  and  3)  The
azard  ratio  (HR)  and  95%  confidence  interval  (CI)  of  the
verall  survival  (OS)  or  disease-free  survival  (DFS)  in  each
tudy  were  provided  or  could  be  calculated.  Studies  meet-
ng  the  following  criteria  were  excluded:  1)  Tumor  had  not
rimarily  originated  from  the  nasal  sinuses;  and  2)  Follow-
p  time  was  less  than  12  months.  Studies  were  included  in  a
ooled-analysis  when  individual  patient  data  were  provided.

ata  extraction  and  statistical  method

he  HR  and  95%  CI  of  the  rates  of  OS  and  DFS  along  with  the
emographic  data  including  age,  sex,  diagnosis,  stage  of  dis-
ase,  statement  of  previous  treatment,  adjuvant  therapy,
nd  number  of  participants  in  each  group  were  extracted
rom  the  included  studies  and  aggregated  by  the  reviewers
ndependently.  The  HR  and  standard  error  (SE)  were  calcu-
ated  using  the  methodology  described  by  Tierney  et  al.10

hen  only  the  number  of  patients  randomized  into  each
rm  of  the  trial,  total  number  of  events,  and  p-values  of  the
og-rank  test  were  provided.  We  also  extracted  data  from
aplan---Meier  curves  by  tracing  via  the  Engauge  Digitizer
oftware  (version  12.1,  free  software  downloaded  from
ttps://github.com/markummitchell/engauge-digitizer).
eta-analysis  was  conducted  on  the  Review  Manager

oftware  (version  5.3,  free  software  downloaded  from
ttps://training.cochrane.org/online-learning/core-
oftware-cochrane-reviews).  Subgroup  analyses  based
n  previous  treatment,  pathology  type,  and  comparability
f  studies  were  performed.  When  individual  patient  data

ere  provided,  a  directive  comparison  was  conducted  using

he  SPSS  software  (version  23.0.0.0,  IBM  SPSS  Statistics  for
indows,  Armonk,  NY:  IBM  Corp).  We  categorized  Kadish
/B  and  American  Joint  Committee  on  Cancer  (AJCC)  stages
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Table  1  Studies  included  for  meta-analysis.

Study  Year  Study
type

Study
period

Country  No of  cases  Diagnosis
(ER/OR)

Previous
treat-
ment

Adjuvant  therapy  Mean
age
(y)

No of
male

FU,  mo

Total  ER  OR  ER  OR  ER  OR

Constant-

inidis,
J.

2004  RC  1975
---2000

Germany  23  11  12  ON  NA  8  9  51  NA  102.55  77.36

Orvidas,
Laura
J.

2005 RC  1980
---2001

USA  23  3  20  AC  NA  2  20  71.33  17  36.33  73.87

Roth, T.
N.

2010  RC  1992
---2007

Switzerland  19  13  6  SNMM  NA  5  5  67.30  NA  46.46  28.50

Lund, V.
J.

2012  RC  1963
---2010

UK  109  31  78  SNMM  NA  NA  NA  NA  NA  NA  NA

Song, C.
M.

2012  RC  1989
---2008

South
Korea

28  16  12  ON  NA  21  12  NA  NA  NA  NA

Guo, L.  2014  RC  1994
---2011

China  23  8  15  CS  (6/14),
MYCS  (1/0),
MECS  (1/1)

5  NA  NA  26.78  9  51.63  77.62

Saedi, B.  2014  RC  1999
---2010

Iran  160  72  88  SCC  (5/25),
ACC  (8/11),
SNUC  (4/9),  ON
(15/9),  SNMM
(21/8),  ewing
sarcoma  (5/8),
rhabdomyosar-
coma  (0/3),
Sarcoma  (0/3),
transitional  cell
carcinoma
(0/3),  others
(11/5)

0 38  65  47.60  112  22.00  20.00

Swegal,
W.

2014 RC  1998
---2012

USA  25  12  13  SNMM  6  11  11  65.50  14  32.40  46.80

Grosjean,
R.

2015 RC  1998
---2009

France  74  43  31  AC  0  NA  32  69.20  72  44.40  57.60

S21
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Table  1  (Continued)

Study  Year  Study
type

Study
period

Country  No of  cases  Diagnosis
(ER/OR)

Previous
treat-
ment

Adjuvant  therapy  Mean
age
(y)

No of
male

FU,  mo

Total  ER  OR  ER  OR  ER  OR

Ledderose,
G.  J.

2015  RC  2000
---2010

Germany  22  12  10  SNMM  22  12  10  NA  NA  NA  NA

Won, T.
B.

2015  RC  1994
---2013

South
Korea

133  70  63  SNMM  0  NA  NA  NA  NA  NA  NA

Cao, W.  2017  RC  1995
---2014

China  33  15  18  SNMM  0  17  18  65.40  17  42.00  49.20

Hagemann,
J.

2019 RC  1993
---2015

Germany  225  123  102  SCC  (51/52),
AC  (16/18),
SNMM  (17/11),
ON  (8/5),  ACC
(7/3),
lymphomaa
(6/0),  sarcoma
(7/4),  SNUC
(3/6),  others
(8/3)

NA  57  73  NA  135  54.40  45.40

Yin, G.  2019  RC  2004
---2016

China  54  27  27  SNMM  0  20  13  57.07  28  28.37  25.33

Lai, Y.  2020  RC  2000
---2016

China  92  57  35  SNMM  0  45  25  65.00  52  30.72  21.60

Lee, G.  2017  RC  1999
---2015

South
Korea

31  16  15  SNMM  0  12  13  NA  18  NA  NA

Batra, P.
S.

2005  RC  1995
---2003

USA  24  9  15  ON  (0/8),  SCC
(2/5),  AC  (2/1),
SNMM  (2/0),
SNUC  (1/0),
adenosqua-
mous
carcinoma
(1/0),  Sarcoma
(1/1)

NA  12  18  NA  NA  NA  NA

S22
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Table  1  (Continued)

Study  Year  Study
type

Study
period

Country  No of  cases  Diagnosis
(ER/OR)

Previous
treat-
ment

Adjuvant  therapy  Mean
age
(y)

No of
male

FU,  mo

Total  ER  OR  ER  OR  ER  OR

Eloy,  J.
A.

2009  RC  1997
---2006

USA  66  18  48  SCC  (0/25),  ON
(10/4),  ACC
(3/8),  AC
(0/4),  SNUC
(1/2),  SNMM
(0/2),  heman-
giopericytoma
(3/0),  Sarcoma
(0/2),  small
cell  carcinoma
(1/0),  basal
cell  carcinoma
(0/1)

NA  16  60  61.20  39  NA  NA

Mortuaire
G.

2016 RC  2002
---2013

France  43  20  23  AC  0  20  23  67.30  42  NA  NA

Bhayani,
M. K.

2014  RC  1993
---2009

USA  53  14  39  AC  NA  NA  NA  NA  NA  NA  NA

Vergez,
S.

2012 RC  1999
---2009

France  48  24  24  AC  NA  19  24  67.00  46  38.00  89.00

Huber,
G. F.

2011  RC  1992
---2007

Switzerland  18  12  6  AC  0  6  7  59.09  15  16.08  45.83

Huang, Y.  2018  RC  2001
---2015

China  47  27  20  NA  NA  NA  NA  NA  NA  65.20  80.00

ACC, adenoid cystic carcinoma; AC, adenocarcinoma; CS, chondrosarcoma; DFS, disease-free survival; ER, endoscopic resection; FU, mean follow-up time; MECS, mesenchymal chon-
drosarcoma; MYCS, myxoid chondrosarcoma; NA, not available; NEC, neuroendocrine carcinoma; ON, esthesioneuroblastoma; OR, open resection; OS, overall survival; RC, retrospective
cohort study; SCC, squamous cell carcinoma; SNMM, sinonasal melanoma; SNUC, sinonasal undifferentiated carcinoma.

S23
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Figure  1  

1/T2  into  ‘‘low  stage’’,  and  Kadish  C/D  and  AJCC  stages
3/T4  into  ‘‘high  stage’’.5 The  categorical  variables  were
ompared  using  a  Chi-square  test,  whereas  the  continuous
ariables  were  compared  using  the  Student’s  t-test  or
ann---Whitney  U-test.  Survival  outcomes  of  both  groups
ere  compared  using  the  Kaplan---Meier  method,  log-rank

est,  and  the  Cox  regression  analysis.  A  p-value  of  0.05  or
ess  was  considered  significant.

ias  and  quality  assessment
uality  assessment  for  each  study  was  evaluated  using  the
ewcastle-Ottawa  scale  (NOS).11 The  quality  of  evidence  for
ach  outcome  was  rated  via  Grading  of  Recommendations,
ssessment,  Development,  and  Evaluations  (GRADE).12

T
a
e
r

S24
 diagram.

esults

 total  of  1939  articles  were  retrieved  based  on  our  search
trategy.  Of  these,  227  articles  were  reserved  after  screen-
ng  the  title  and  removing  the  duplicates.  After  reviewing
he  abstracts,  full-text  analysis  was  carried  out  in  136
rticles,  according  to  the  inclusion  and  exclusion  criteria.
inally,  23  articles  (Fig.  1)  were  included  in  the  final  meta-
nalysis,  the  characteristics  of  which  are  summarized  in
able  1.13---35

eta-analysis
here  were  1373  patients  incorporated  into  our  meta-
nalysis,  of  which  653  (47.56%)  underwent  surgery  using  the
ndoscopic  approach,  and  720  (52.44%)  cases  utilized  open
esection.  Of  the  23  articles  included  in  the  final  meta-
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Figure  2  Comparison  between  endoscopic  resection  and  open  resection  of  sinonasal  malignancies  of  overall  survival  and  in  (A)
a e  int

a
i
f
t
p
g
s
[
T
m
D
(
e
i
i
p
d
b
0

e
w
0
n
m

P

T
d
o
t
I
a
i

ll studies  and  (B)  sinonasal  melanoma  subgroups.  CI,  confidenc

nalysis,  19  studies  (n  =  1223  out  of  1373)  were  included
n  the  meta-analysis  of  OS.  There  was  no  significant  dif-
erence  in  the  OS  between  the  endoscopic  approach  and
he  open  approach  (Fig.  2A),  (HR  =  0.84  [95%  CI:  0.65---1.07],

 =  0.16;  random-effects  analysis).  Compared  with  the  OR
roup,  the  OS  rates  in  patients  with  sinonasal  melanoma
howed  an  advantage  in  the  ER  group  (Fig.  2B),  (HR  = 0.66
95%  CI:  0.52---0.85],  p  =  0.001;  random-effects  analysis).
hirteen  studies  (n  =  459  out  of  1373)  were  included  in  the
eta-analysis  of  DFS.  The  effect  estimate  suggested  that  the
FS  of  the  ER  group  was  higher  than  that  of  the  OR  group
Fig.  3A),  (HR  =  0.72  [95%  CI:  0.56---0.92],  p  =  0.01;  random-
ffects  analysis).  Compared  with  the  OR  group,  the  DFS  rates
n  patients  with  sinonasal  melanoma  showed  an  advantage
n  the  ER  group  (Fig.  3B)  (HR  =  0.64  [95%  CI:  0.51---0.81],

 =  0.0002;  random-effects  analysis).  There  was  a  significant

ifference  in  the  DFS  in  cases  without  a  previous  treatment
etween  the  ER  and  OR  groups  (Fig.  3C),  (HR  =  0.71  [95%  CI:
.52---0.98],  p  =  0.04;  random-effects  analysis).  The  estimate

a
s
(
g

S25
erval;  ER,  endoscopic  resection;  OR,  open  resection.

ffect  of  the  HR  of  DFS  favored  the  ER  group  in  the  subgroup
ith  a higher  comparability  (Fig.  3D),  (HR  ≤  0.76  [95%  CI:
.59---0.99],  p  =  0.04;  random-effects  analysis).  There  were
o  significant  differences  in  the  other  subgroups  (Supple-
entary  Fig.  1).

ooled-analysis

able  213---15,17,18,23,35---38 shows  the  individual  patient  data
erived  from  10  articles  which  met  the  inclusion  criteria
f  pooled-analysis.  A  total  of  248  cases  were  included  in
he  pooled-analysis  and  went  through  a  direct  comparison.
n  pooled-analysis,  OS  of  the  ER  and  OR  group  was  31.7%
nd  21.1%  (p  <  0.05),  respectively.  Table  3  indicates  signif-
cant  differences  of  OS  in  age,  pathological  type,  T-stage,

nd  adjuvant  therapy  with  univariate  analysis  and  in  T-
tage,  adjuvant  therapy,  and  surgical  approaches  (p  =  0.006)
Fig.  4A)  with  multivariate  analysis.  DFS  of  the  ER  and  OR
roup  was  19.9%  and  15.5%  (p  < 0.05),  respectively.  Table  4
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Figure  3  Comparison  between  endoscopic  resection  and  open  resection  of  sinonasal  malignancies  disease-free  survival  in  (A)
all studies,  (B)  sinonasal  melanoma  subgroups,  (C)  with  or  without  previous  treatment  subgroups  and  (D)  disease-free  survival  of
comparability  subgroups.  CI,  confidence  interval;  ER,  endoscopic  resection;  OR,  open  resection;  SNMM,  sinonasal  mucosal  melanoma.
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Table  2  Demographic  data  of  pooled  studies.

Variable  ER  OR  X2 p-Value

Age  (mean  ±  SD)  58.09  ±  17.58  58.12  ±  19.22  0.99
Histopathology  16.25  0.002
Adenocarcinoma  15  (11.5%)  26  (22.0%)
Chondrosarcoma  8  (6.2%)  13  (11.0%)
Melanoma  70  (53.8%)  41  (34.7%)
Esthesioneuroblastoma  30  (23.1%)  37  (31.4%)
SNUC 7  (5.4%)  1  (0.8%)
T stage  0.66  0.42
Low (T1---T2) 25  (21.0%) 14  (16.5%)
High (T3---T4) 94  (79.0%) 71  (83.5%)
Follow-up  (median) 25.2  35.2  0.09
Adjuvant therapy  1.72  0.20
No adjuvant  therapy  51  (41.8%)  32  (30.5%)
Radiotherapy  31  (25.4%)  56  (53.3%)
Chemotherapy  5  (4.1%)  2  (1.9%)
Chemoradiotherapy  35  (28.7%)  15  (14.3%)
Total 130  (52.4%)  118  (47.6%)

ER, endoscopic resection; OR, open resection; SD, standard deviation; SNUC, sinonasal undifferentiated carcinoma.

Table  3  Cox  proportional  hazard  analysis  of  overall  survival.

Variable Unadjusted  Adjusted

HR  95%  CI  p  HR  95%  CI  p

Group  (ER  vs.  OR)  1.102  0.777---1.561  0.586  0.568  0.380---0.849  0.006
Age 1.034  1.023---1.046  <0.001  1.003  0.988---1.018  0.  710
Gender 1.014  0.83---1.239  0.889
Pathology
Esthesioneuroblastoma  Reference  <0.001  0.002
Melanoma 5.806  3.380---9.972  <0.001  3.407  1.665---6.973  0.001
SNUC 2.541  0.735---8.785  0.141  1.374  0.358---5.272  0.644
Adenocarcinoma  1.761  0.870---3.567  0.116  1.310  0.416---4.129  0.645
Chondrosarcoma  0.472  0.137---1.625  0.234
Stage (high  vs.  low)  6.454  2.825---14.746  <0.001  2.716  1.030---7.164  0.043
Adjuvant therapy  2.032  1.428---2.891  <0.001  2.375  1.555---3.636  <0.001

CI, confidence interval; ER, endoscopic resection; HR, hazard ratio; OR, open resection; SNUC, sinonasal undifferentiated carcinoma.

Table  4  Cox  proportional  hazard  analysis  of  disease-free  survival.

Variable  Unadjusted  Adjusted

HR  95%  CI  p  HR  95%  CI  p

Group  (ER  vs.  OR)  1.041  0.753---1.44  0.808  0.628  0.424---0.929  0.02
Age 1.026  1.016---1.037  <0.001  1.008  0.993---1.024  0.275
Gender 0.983  0.679---1.424  0.928
Pathology
Esthesioneuroblastoma  Reference  <0.001  0.004
Melanoma 6.224  3.433---11.282  <0.001  4.225  1.934---9.232  <0.001

Adenocarcinoma  2.533  1.271---5.049  0.008  3.117  1.228---7.911  0.017
Chondrosarcoma  2.109  0.953---4.665  0.066
SNUC 2.029  0.573---7.181  0.273  2.494  0.652---9.541  0.182

Stage (High  vs.  Low)  5.207  2.53---10.72  <0.001  1.936  0.792---4.737  0.148
Adjuvant therapy 1.637  1.163---2.304  0.005  1.669  1.122---2.481  0.011
CI, confidence interval; ER, endoscopic resection; HR, hazard ratio; OR

S27
, open resection; SNUC, sinonasal undifferentiated carcinoma.
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Figure  4  Survival  curves  of  (A)  overall  survival  between  endoscopic  resection  and  open  resection  (p  =  0.006)  and  (B)  disease-free
survival between  endoscopic  and  open  resection  (p  =  0.020).  ER,  endoscopic  resection;  OR,  open  resection.

Table  5  Quality  assessment  of  included  studies  by  Newcastle-Ottawa  assessment  scale  (NOS).

Study  Year  No of  stars

Selection  Comparability  Outcome  Total

Constantinidis,  J.  2004  3  1  2  6
Orvidas, Laura  J.  2005  3  2  2  7
Roth, T.  N.  2010  3  2  2  7
Lund, V.  J.  2012  3  1  3  7
Song, C.  M.  2012  3  1  2  6
Guo, L. 2014  3  2  3  8
Saedi, B. 2014  3  2  2  7
Swegal, W. 2014  3  2  2  7
Grosjean, R. 2015  3  1  2  6
Ledderose, G.  J. 2015  3  1  2  6
Won, T.  B. 2015  3  1  2  6
Cao, W. 2017  3  2  2  7
Hagemann, J. 2019  3  2  2  7
Yin, G.  2019  3  2  2  7
Lai, Y.  2020  3  2  2  7
Lee, G.  2017  3  2  2  7
Batra, P.  S.  2005  3  2  2  7
Eloy, J.  A.  2009  3  2  2  7
Mortuaire, G.  2016  3  2  2  7
Bhayani, M.  K.  2014  3  1  2  6
Vergez, S.  2012  3  2  3  8
Huber, G.  F.  2011  3  2  3  8
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copic  and  open  resection.  Meanwhile  a  direct  comparison
as  made  between  the  groups  from  studies  where  the  indi-
idual  patient  data  was  provided.

The  meta-analysis  indicated  that  the  OS  of  the  ER  group
as  comparable  with  that  of  the  OR  group.  This  compar-
son  of  OS  was,  however,  not  stable.  When  we  excluded
aedi’s  study,24 the  difference  in  the  OS  rates  between
he  two  groups  turned  into  something  meaningful  (Supple-
entary  Fig.  2),  (HR  =  0.72  [95%  CI:  0.58---0.88],  p  =  0.002;

o
d
p

S28
2  2  7

andom-effects  analysis),  which  meant  that  the  patients
ould  benefit  from  ER  in  terms  of  OS  rates.  One  explana-
ion  for  the  instability  is  that  it  arises  from  the  relatively
hort  follow-up  time.  The  mean  follow-up  time  of  ER  was
2  months,  and  that  of  OR  was  20  months.  However,  the

utcome  of  relapse  requires  a  shorter  follow-up  time  than
eath,  which  means  OS  needs  longer  follow-up  time  com-
ared  with  DFS.  In  addition,  the  effect  estimate  suggested
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hat  DFS  was  higher  when  ER  of  sinonasal  malignancies  was
erformed.

The  multivariate  analysis  of  OS  and  DFS  indicated  a
ignificant  benefit  of  ER,  which  is  different  from  univari-
te  analysis.  This  variation  may  arise  from  the  correlation
etween  surgery  approaches  and  the  application  of  adjuvant
herapy.  There  were  52.5%  cases  using  adjuvant  therapy  in
he  endoscopic  approach  and  73.2%  in  the  open  approach
x2 =  7.559,  p =  0.006).  The  multivariate  analysis  endorsed
he  application  of  adjuvant  therapy  as  a  protective  factor.
fter  eliminating  the  confounding  factor  through  multi-
ariate  analysis,  we  found  that  surgery  approaches  have
n  independent  effect  on  the  survival  outcomes.  We  are
ositive  regarding  the  statistical  result,  considering  the
onfidence  interval  of  the  effect  estimate  included  appre-
iable  benefit.

Rarity  and  heterogeneity  of  sinonasal  malignancies  con-
ributed  to  the  difficulty  in  the  interpretation  of  survival
esults  in  the  studies  that  reported  different  pathologies.5

ur  multivariate  analysis  suggests  that  histopathology  is  an
ndependent  risk  factor.  A  subgroup  analysis  was  performed
ith  studies  where  the  pathological  diagnosis  was  avail-
ble.  The  effect  estimate  suggests  that  the  outcome  of  the
inonasal  melanoma  in  terms  of  OS  and  DFS  is  better  for  the
ndoscopic  approach.  In  general,  we  believe  that  patients
an  benefit  from  ER.  Since  sinonasal  melanoma  is  widely
onsidered  to  be  radioresistant,  wide  surgical  excision  is
ypically  recommended  as  the  primary  mode  of  therapy.39,40

owever,  endoscopic  resection  may  be  able  to  provide  a bet-
er  outcome  by  enabling  excellent  vision  that  offers  precise
xcision  and  better  local  control.  The  effect  estimate  in
denocarcinoma  subgroup  suggests  a  comparable  outcome
n  terms  of  OS  and  DFS.

There  was  a  statistical  correlation  between  T  stage  and
urvival.41 Previous  studies  have  reported  ER  as  an  alterna-
ive  to  OR  in  low  stage  sinonasal  malignancies.5 The  tumor
tage  relates  to  tumor  invasion  extent,  which  is  one  of  con-
iderations  when  designing  surgical  approach.  The  effect
f  tumor  stage  in  survival  between  endoscopic  and  open
esection  cannot  be  meta-analyzed  as  the  sequence  of  the
ncompleteness  of  data,  as  well  as  the  tumor  invading  site.

Adjuvant  therapy  plays  a  role  in  increasing  the  cure  rate
f  sinonasal  malignancies.  Our  multivariate  analyses  indi-
ated  that  the  adjuvant  therapy  was  a  protective  factor  for
S  and  DFS.  Although  the  data  in  the  literature  provided
ere  inadequate  to  conduct  a  subgroup  analysis  of  the  adju-
ant  therapy,  the  relationship  between  adoption  of  adjuvant
herapy  and  selection  of  surgical  approaches  should  not  be
nderestimated.  It  is  of  much  concern  to  develop  a  multi-
isciplinary  therapy.

The  advantages  of  endoscopic  approach  are  techni-
ally  clear.  An  endoscopic  approach  would  be  advocated
or  pathologies  that  surgical  excision  is  recommended  as
rimary  therapy,  based  on  the  data  summarized  above.
eanwhile,  endoscopic  approach  with  or  without  auxil-

ary  incision  showed  significant  benefits  for  skull  base
nvolvement.  But  when  an  ocular  enucleation  or  a  total
axillectomy  is  required  according  to  the  extent  of  tumor,
eading  to  inevitable  facial  deformity,  an  open  surgical
pproach  could  benefit  the  patient.  Lesions  involving  vital
tructures  such  as  internal  carotid  artery  are  generally
xcised  by  the  open  approach  according  to  the  conventional
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iewpoint,  but  the  endoscopic  approach  is  an  alterna-
ive  due  to  the  development  of  minimally  invasive  surgery
echnology  and  the  improvement  of  surgical  technique  pro-
ciency.

Of  the  23  studies  evaluated  using  NOS,  6  had  6  stars,
4  had  7  stars,  and  3  had  8  stars  (Table  5),  whereas  the
aximum  possible  total  score  for  a  cohort  study  is  9  stars.
he  levels  of  evidence  were  accessed  by  the  GRADEpro  sys-
em.  The  certainties  of  effect  estimate  of  OS  and  DFS  were
ery  low,  on  account  of  the  imprecision  and  publication
ias  (Table  6).  Moreover,  the  downgrading  was  on  account
f  the  following  two  aspects:  1)  The  confidence  interval  of
he  effect  estimate  contained  an  invalid  value  and  included
ppreciable  benefit42;  and  2)  The  studies  included  in  the
nalysis  were  observational  studies.  As  a  result,  we  were
nable  to  ascertain  whether  the  studies  could  represent  all
ases.43 However,  due  to  the  rarity  of  sinonasal  malignan-
ies,  it  would  be  difficult  to  plan  a  prospective  randomized
ohort  study.

There  are  some  limitations  of  our  study.  First,  the  low
uality  of  evidence  is  almost  inevitable  for  observational
tudies,  although  the  existence  of  some  relevant  factors
ould  make  it  possible  to  improve  the  quality  of  the  evi-
ence,  for  example  increasing  the  sample  size  to  avoid
mprecision.  Second,  the  effects  of  adjuvant  therapy,  pre-
ious  treatment,  and  histopathology  were  not  analyzed
dequately.  Although  subgroup  analyses  were  planned  to  be
onducted,  the  data  reported  by  most  of  studies  were  defi-
ient  to  perform  such  an  analysis.  Hence,  further  exploring
he  standardization  of  the  reports  would  make  sense.5,6 At
ast,  to  the  best  of  our  knowledge,  our  study  is  the  first
ne  conducting  a  meta-analysis  of  the  direct  comparison
etween  ER  and  OR  groups.  However,  the  effect  estimate
as  not  sufficiently  stable.  A  longer  follow-up  time  and  more

tandard  management  are  essential  to  improve  the  statisti-
al  power  for  further  analysis.

onclusion

he  evidence  we  collected  suggests  that  the  survival  out-
ome  of  endoscopic  resection  in  patients  with  sinonasal
alignancies  was  comparable  or  better  than  that  of  open

esection.  The  factors  associated  with  tumor  prognosis  are
istopathology,  stage  of  tumor,  and  application  of  adjuvant
herapy.  Further  research  will  be  important  to  establish
he  guidelines  for  the  selection  of  surgical  approach  and
romote  the  comprehensive  treatment  of  sinonasal  malig-
ancies.
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