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IGHLIGHTS
In  nasopharyngeal  cancers,  the  most  important  therapeutic  problem  in  treatment  resistance  is  radiation  resistance.
Minichromosome  maintenance  complex  has  a  critical  function  in  DNA  replication  and  oncogenic  signaling  pathways.
In  the  current  study,  the  overexpression  of  minichromosome  maintenance  complex  2,  3,  5,  6  and  7  indicated  bad  prognosis.
Minichromosome  maintenance  complex  7  was  an  independent  prognostic  factor  for  survival  outcomes  and  may  be  a  potential
therapeutic target  for  the  treatment  of  nasopharyngeal  cancer.
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Abstract
Objective:  The  prognostic  importance  of  minichromosome  maintenance  complex  expression
in nasopharyngeal  cancer  is  still  unknown.  We  aimed  to  find  whether  minichromosome
maintenance  complex  2---7  expression  may  potentially  be  used  to  predict  the  prognosis  of
nasopharyngeal  cancer  patients  treated  with  definitive  radiotherapy.
Methods:  Between  April  2007  and  July  2020,  patients  with  nasopharyngeal  cancer  treated  with
radiotherapy  were  identified.  Immunohistochemical  analysis  was  performed  on  formalin-fixed
paraffin-embedded  tissues  of  cases.  A  single  pathologist  analyzed  the  histologic  specimens  of
all patients.
ts  were  included.  The  median  followup  was  75.3  months.  Higher
ted  with  minichromosome  maintenance  complex  2  overexpression.

nce  complex  s  expression  was  also  associated  with  histopathologic
ivariate  analysis,  AJCC  stage,  histopathological  subgroups,  tumor
Results:  Totally,  67  patien
tumor (T)  stage  was  correla
Minichromosome  maintena
subgroups.  According  to  un
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response  after  treatment,  minichromosome  maintenance  complex  2,  3,  5,  6  and  7  expression
were the  prognostic  factors  that  predict  overall  survival.  According  to  multivariate  analysis
minichromosome  maintenance  complex  7  expression  was  the  only  prognostic  marker  for  both
progression-free  survival  and  overall  survival.
Conclusion:  The  overexpression  of  minichromosome  maintenance  complex  2,  3,  5,  6  and  7  indi-
cated bad  prognosis.  Minichromosome  maintenance  complex  7  was  an  independent  prognostic
factor for  survival  outcomes  in  nasopharyngeal  cancer  and  may  be  a  potential  therapeutic  target
for treatment.
©  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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asopharyngeal  cancer  originates  from  the  nasopharyngeal
pithelium.1 It  is  less  common  than  other  types  of  cancer
nd  the  incidence  shows  a  regional  distribution.2 Accord-
ng  to  GLOBOCAN  data,  129,079  people  were  diagnosed
ith  nasopharyngeal  cancer  in  2018  and  72,987  people  died
ith  this  diagnosis.2 Most  of  the  patients  are  diagnosed
ith  local  advanced  stage;  the  primary  treatment  option

or  nasopharyngeal  cancer  is  radiotherapy  (RT)  owing  to  the
natomical  position  of  the  nasopharynx,  as  it  is  not  suit-
ble  for  surgery.1,3 RT  is  applied  alone  in  stage  I  disease.1

lthough  there  are  some  studies  showing  the  benefit  of
oncurrent  chemotherapy  (ChT)  applications  with  RT  in
tage  II  disease,  there  is  no  randomized  study  investigat-
ng  this  issue.1 Since  the  end  of  the  1900s,  RT  and  ChT  have
een  applied  together  in  stage  III  and  IV  disease.  With  com-
ined  treatment,  a  30%  increase  in  3  year  overall  survival
OS)  was  found  at  these  stages.4 A  positive  effect  of  adjuvant
hT  on  OS  has  not  been  demonstrated.5 Despite  aggressive
reatment  approaches,  the  results  are  still  not  satisfactory.

The  most  important  therapeutic  problem  in  treatment
esistance  is  radiation  resistance,6,7 which  includes  mecha-
isms  such  as  hypoxia,8,9 cell  cycle  stage,10,11 DNA  damage
nd  repair  mechanisms,12,13 apoptosis,14,15 oncogenes  and
rowth  factors,16,17 cancer  stem  cells  and  epigenetic  modi-
cations  in  genes.18

Minichromosome  maintenance  (MCM)  protein  family
akes  an  active  role  in  the  initiation  phase  of  eukaryotic
NA  replication  process.  It  is  not  surprising  that  MCM  over-
xpression  is  seen  in  many  cancers,  when  the  critical  role
f  MCM  on  DNA  replication  is  considered.19 Studies  have
hown  that  MCM  complex  subunits  (MCM2---7)  play  an  active
ole  in  cell  proliferation,  invasion  and  metastasis.19,20 How-
ver,  the  results  of  the  studies  that  investigate  the  effect
f  MCM  complex  on  survival  are  contradictory.19,20 Although
here  are  some  studies  reporting  a  decrease  in  survival  rates
ith  increasing  MCM  complex  subunits  in  gastric,  ovarian,
reast,  gliomas,  bronchoalveolar  lung  cancer,  gallbladder,
steosarcoma  and  urinary  cancers,  there  are  also  studies
hat  reported  a  better  prognosis  with  increased  MCM  com-
lex  subunits  in  lung  adenocarcinoma,  colorectal  cancers

nd  ER  (+)  breast  cancer.19,20

On  the  other  hand,  the  prognostic  importance  of  MCM
xpression  in  nasopharyngeal  cancer  is  still  unknown.
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S19
ecause  of  the  MCM2---7  complex  has  a  critical  function  in
NA  replication  and  oncogenic  signaling  pathways,  we  aimed
o  study  whether  MCM2---7  expression  may  potentially  be
sed  to  predict  the  prognosis  of  patients  with  nasopharyn-
eal  cancer  treated  with  definitive  radiotherapy  as  well  as
otential  therapeutic  targets  for  anticancer  treatments.

ethods

atients’  characteristics

thical  approval  of  this  study  was  obtained  from  the  com-
ittee  of  our  university.  The  approval  number  of  the  ethics

ommittee  was  2018/1579.  Between  April  2007  and  July
020,  patients  with  nasopharyngeal  cancer  treated  with
efinitive  radio-  (-chemo)  therapy  were  identified.  Among
hem,  patients  whose  pathological  diagnosis  was  performed
n  our  hospital  were  included  in  the  current  research.

All  patients  were  biopsy-proven,  newly  diagnosed
asopharyngeal  cancer.  The  excluding  criteria  of  the  study
ere:  followup  time  <  6  months,  age  <  18  years,  Karnofsky
erformance  status  (KPS)  <  70,  history  of  prior  head  and  neck
adiotherapy,  a  history  of  other  type  of  cancer  within  the  last
-years  and  finding  of  metastasis  at  the  time  of  diagnosis.

reatment

adiotherapy
ll  patients  were  immobilized  with  thermoplastic  head  and
houlder  mask  in  a  supine  position.  Intravenous  contrast
nhanced  computed  tomography  (CT)  simulation  was  car-
ied  out  at  3  mm  slice  thickness.  Planning  CT  was  fusioned
ith  magnetic  resonance  imaging  (MRI)  and/or  positron
mission  tomography  (PET-CT)  images  for  all  patients.  Treat-
ent  volumes  were  delineated  slice-by-slice  on  the  planning
T  scans  by  using  an  individual  protocol  in  compliance
ith  International  Commission  on  Radiation  Units  and  Mea-

urements  reports  62  and  83.  The  gross  tumor  volume
GTV;  primary  tumor  and  metastatic  lymph  nodes)  plus
argins  received  70  Gy/35  fractions/5  fraction  per  week.
he  clinical  target  volume  (CTV;  clinically  uninvolved  areas

t  risk  for  recurrence)  plus  margins  received  54---63  Gy/35
ractions/5  fraction  per  week.  Eclipse  Treatment  Planning
ystem  version  8.9.08  (Varian,  Palo,  Alto,  CA)  was  utilized
or  treatment  planning.  Intensity  modulated  radiation  ther-

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


G.  Kanyilmaz,  P.  Oltulu,  B.  Benli  Yavuz  et  al.

F soph
( ypic

a
w

C

C
c
t
r
c

F

D
o
m
t
a
l
fl
p
i
r

I

I
fi
v
w
b
o
a

t
o
a
M
o
S
c
(
I
C
m
T
I

E

A
o
d
b
I
a
n
B
g
f
w
h

igure  1  Rare  brown  MCM  staining  in  basal  nuclei  in  normal  na
e) MCM7;  (f)  MCM6  strong  staining  in  epithelium  with  random  at

py  (IMRT)  with  simultaneous  integrated  boost  technique
as  used  for  the  treatment  of  patients.

hemotherapy

oncurrent  chemotherapy  with  or  without  sequential
hemotherapy  (neoadjuvant  or  adjuvant)  was  administered
o  all  patients  except  stage  I  disease.  The  chemotherapy
egimen  was  generally  applied  as  in  accordance  with  the
linical  practice  guidelines.

ollowup

uring  the  treatment,  all  patients  were  examined  at  least
nce  in  a  week.  The  patients  were  followed  up  every  2---3
onths  for  the  first  two  years,  every  four  months  for  the

hird  year,  every  six  months  and  once  a  year  for  the  fourth
nd  fifth  years  after  the  completion  of  therapy.  At  each  fol-
owup  visit,  a  historical  and  clinical  examination,  including
exible  endoscopy,  was  done.  MRI  of  the  head  and  neck  were
erformed  annually  for  the  first  five  years.  Additional  exam-
nations  were  added  as  needed  to  assess  local  or  distant
ecurrence.

mmunohistochemistry  (IHC)

mmunohistochemical  analysis  was  performed  on  formalin-
xed  paraffin-embedded  tissues  of  cases  diagnosed  pre-
iously  as  nasopharyngeal  cancer.  Archival  slides  stained

ith  hematoxylin  and  eosin  were  examined  firstly.  Paraffin
locks  compatible  with  slides  containing  sufficient  amount
f  tumoral  tissue  for  evaluation  were  collected  from  the
rchive.  For  immunohistochemical  analysis,  4  �m-thick  sec-

S

S
1

S20
aryngeal  epithelium:  (a)  MCM2;  (b)  MCM3;  (c)  MCM5;  (d)  MCM6;
al  dysplasic  changes  in  one  of  the  samples.  Magnification  ×400.

ions  of  all  the  blocks  were  cut  with  the  microtome,  placed
n  positively  charged  slides,  deparaffinized  with  xylene
nd  dehydrated  with  ethanol  solutions.  Immunostaining  for
CM2  (Clone  E-8,  mouse  monoclonal,  Santa  Cruz  Biotechnol-
gy,  Inc.,  Dallas,  TX),  MCM3  (Clone  E-8,  mouse  monoclonal,
anta  Cruz  Biotechnology,  MCM4  (Clone  G-7,  mouse  mono-
lonal,  Santa  Cruz  Biotechnology,  Inc.,  Dallas,  TX),  MCM5
Clone  E-10,  mouse  monoclonal,  Santa  Cruz  Biotechnology,
nc.,  Dallas,  TX),  MCM6  (Clone  H-8,  mouse  monoclonal,  Santa
ruz  Biotechnology,  Inc.,  Dallas,  TX),  MCM7  (Clone  141.2,
ouse  monoclonal,  Santa  Cruz  Biotechnology,  Inc.,  Dallas,
X)  was  performed  in  all  cases  using  Ventena  Benchmark  XT

HC  autostainer  system.

valuation  of  immunohistochemical  staining

 single  histopathologist  analyzed  the  histologic  specimens
f  all  patients.  Positive  immunoreactions  of  MCMs  were
etected  by  the  brown  color  of  chromogen  in  a  pale  blue
ackground  on  all  immunohistochemically  stained  slides.
mmunoreactive,  brown  stained,  nuclei  were  calculated
mong  at  least  500  tumor  cells  separately  at  ×400  mag-
ification  with  a  conventional  light  microscope  (Olympus,
X41).  MCMs  staining  in  basal  nuclei  in  normal  nasopharyn-
eal  epithelium  are  shown  in  Fig.  1. Nuclei  labeling  index  (LI)
or  each  case  was  determined  as  the  percentage  of  nuclei
ith  a positive  reaction.  The  specimens  with  the  low  and
igh  intensity  of  the  nuclei  staining  are  presented  in  Fig.  2.
tatistical  analysis

tatistical  Package  for  Social  Sciences  for  Windows  version
3  (SPSS.  Inc.  Chicago.  IL)  was  carried  out  for  all  statisti-
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Figure  2  Brown  positivity  rates  in  nuclei  of  tumor  cells:  (a)  low-MCM2;  (b)  low-MCM3;  (c)  low-MCM5;  (d)  low-MCM6;  (e)  low-MCM7;
( k)  hi
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f) high-MCM2;  (g)  high-MCM3;  (h)  high-MCM5;  (i)  high-MCM6;  (
400.

al  analyses.  The  overall  survival  (OS)  was  calculated  by  the
ate  of  pathological  diagnosis  until  the  date  of  last  follow-
p  or  until  the  death.  The  progression-free  survival  (PFS)
as  calculated  by  the  date  of  pathological  diagnosis  until

he  date  of  the  first  observation  of  locoregional  recurrence
r  distant  metastasis  or  death  because  of  nasopharyngeal
ancer.  OS  and  PFS  were  measured  by  Kaplan---Meier  analy-
is  and  the  two-sided  long  rank  test  was  utilized  to  compare
he  survival  curves  of  subgroups.  The  possible  associations
etween  variables  and  survival  outcomes  were  evaluated
y  Cox  regression  analysis.  Variables  with  statistical  signif-
cance  in  univariate  analysis  were  inputted  as  covariates  in
ultivariate  regression  analysis.  The  descriptive  statistics
ere  performed  to  measure  the  mean  value,  the  median
alue,  the  proportion  value,  the  range  and  the  standard
eviation  values.  Pearson’s  Chi-Square  test  was  used  to  com-
are  the  categorical  variables.  Independent  sample  t-test
nd  ANOVA  test  was  utilized  to  compare  the  continuous
ariables.  ROC  (receiver  operating  characteristics)  curve
nalysis  was  used  to  calculate  the  ability  of  MCM  value  for
he  prediction  of  disease  recurrence,  distant  metastases  or
eath.  A  two-sided  p-value  <0.05  was  accepted  as  statisti-
ally  significant.

esults

atients  characteristics  and  follow-up

otally,  67  patients  with  nasopharyngeal  cancer  were
ncluded  in  the  current  study.  The  median  followup  was
9.7  (range  6.36---130.82)  months.  The  patient,  tumor  and
reatment  characteristics  are  demonstrated  in  Table  1.

CMs  evaluations
e  found  that  MCM2  expression  ranged  from  18%  to  100%
median;  90%),  MCM3  expression  ranged  from  30%  to  100%
median:  98%);  MCM5  expression  ranged  from  25%  to  100%
median:  86%),  MCM6  expression  ranged  from  28%  to  100%

O
a
h
v

S21
gh-MCM7  in  MCM  immunohistochemical  staining.  Magnification

median;  95%)  and  MCM7  expression  ranged  from  16%  to
00%  (median:  85%).  We  couldn’t  demonstrate  the  MCM-4
xpression  levels  because  of  some  technical  problems  that
ay  have  been  caused  by  the  transport  systems  of  MCM4

ntibody  that  need  to  protect  the  cold  chain  or  its  produc-
ion  stages,  and  thus  we  were  unable  to  see  any  reaction  in
one  of  the  patients.  ROC  analysis  was  done  separately  to
etermine  the  optimal  cut-off  point  for  each  MCM  expres-
ions  with  continous  variable  value.  According  to  ROC  curve,
he  optimal  cut-off  point  was  81%  for  MCM2,  99%  for  MCM3,
2%  for  MCM5,  94%  for  MCM6  and  88%  for  MCM7.  Below  these
ut-off  values  are  considered  as  low  levels  (MCM-low),  while
bove  these  values  are  considered  as  high  levels  (MCM-high).

ssociation  between  MCMs  expression  and
linicopathologic  variables

he  relationship  between  the  clinicopathological  variables
nd  MCMs  expression  was  also  examined.  The  results  demon-
trated  that  higher  tumor  (T)  stage  was  correlated  with  only
CM2  overexpression  (Table  2); (p  =  0.02).  There  was  not
ny  association  between  AJCC  stage  and  the  other  MCMs
xpression.  Furthermore,  the  results  showed  that  MCMs
xpression  was  associated  with  histopathologic  subgroups.
he  relationship  between  histopathologic  subgroups  and
CM  expression  are  presented  in  Table  3.

urvival  outcomes

t  a  median  followup  time  of  39.7  (range  :  6.4---130.8)
onths,  28  (42%)  patients  died,  14  (21%)  patients  had  dis-

ant  metastases  and  18  (27%)  patients  had  locoregional
rogression.  During  the  followup  period,  53  (79%)  patients
ad  complete  response  after  treatments.  The  median  OS
as  75.4  (range  :  28.6---122.2)  months.  The  2-  and  5-year

S  were  84.5%  and  50%,  respectively.  According  to  univari-
te  analysis,  AJCC  stage  (stage  I---III  vs.  stage  IV;  p  =  0.004),
istopathological  subgrups  (keratinizing  vs.  non-keratinizing
s.  basaloid;  p  =  0.004),  tumor  response  after  treatment
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Table  1  Patients,  tumor  and  treatment  characteristics.

Variables  No of  patients  (total  =  67)  %

Age  (years)
Median  51
Range  19---81  73
Sex
Male 49
Female  18  27
Clinical  stagea

Stage  I  6  9
Stage II 5  8
Stage III 31  46
Stage IV 25  37
Stage classification
Stage  I---III  42  63
Stage IV  25  37
Histology
Keratinizing  16  24
Nonkeratinizing  48  71
Basaloid  3  5
Concurrent  chemotherapy
Yes  61  91
No 6  9
Sequential  chemotherapy
Yes  18  27
No 49  73
MCM2 value
Low  (<81)  21  31
High (≥81) 46  68
MCM3 value
Low  (<99) 40  60
High (≥99) 27  40
MCM5 value
Low  (<92) 39  58
High (≥92) 28  42
MCM6 value
Low  (<94)  30  45
High (≥94)  37  55
MCM7 value
High  (<88)  42  63
Low (≥88)  25  37

MCM, Mini Chromoso Memaintenance.
a According to version of American Joint Committee on Cancer

(AJCC) 8th edition, 2017.

Table  2  The  relationship  between  MCM2  expression  and  T
stage.

T1  stage  T2  stage  T3  stage  T4  stage  p

MCM2  value
Low  12  (55%)  3  (13%)  2  (30%)  4  (27%)  0.02a

High  10  (45%)  20  (87%)  5  (70%)  11  (73%)
Total 22  (100%)  23  (100%)  7  (%100)  15  (100%)

MCM, Mini Chromosome Maintenance.
a Statistically significant.
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complete  response  vs.  non-complete  response;  p  =  0.01),
CM2  expression  (low  vs.  High  : p =  0.02),  MCM3  expres-

ion  (low  vs.  High  :  p  =  0.05),  MCM5  expression  (low  vs.
igh  :  p  = 0.007),  MCM6  expression  (low  vs.  High  :  p  =  0.04)
nd  MCM7  expression  (low  vs.  high  : p  ≤  0.0001)  were  the
rognostic  factors  that  predict  OS.There  were  no  correla-
ion  between  survival  outcomes  and  patient  gender,  age,
nd  chemotherapy  administration  schedule  (concurrent  or
equential  chemotherapy).  According  to  multivariate  Cox
egression  analysis  MCM7  expression  was  the  only  prognos-
ic  marker  for  OS.  The  details  of  multivariate  analyses  are
hown  in  Table  4.The  median  PFS  was  59  months.  The  2-
nd  5-year  PFS  were  85%  and  49.5%,  respectively.  According
o  univariate  analyses,  AJCC  stage  (stage  I---III  vs.  Stage  IV  :

 =  0.01),  histopathological  subgrups  (keratinizing  vs.  non-
eratinizing  vs.  basaloid;  p  =  0.02),  tumor  response  after
reatment  (complete  response  vs.  non-complete  response

 p  =  0.03),  MCM3  expression  (low  vs.  high;  p  =  0.04),  MCM5
xpression  (low  vs.  high;  p  = 0.01),  and  MCM7  expression  (low
s.  high;  p  ≤  0.0001)  were  the  prognostic  factors  that  predict
FS.  Similar  to  OS,  MCM7  expression  value  was  the  only  prog-
ostic  factor  for  PFS  according  to  mutivariate  Cox  regression
nalyses.

iscussion

n  our  study,  MCM  complex  subunits  (MCM2---7)  overexpres-
ion  was  found  as  a poor  prognostic  factor  associated  with
urvival  outcomes  for  patients  with  nasopharyngeal  cancer.
lthough  very  different  results  have  been  presented  in  the

iterature  with  the  expression  of  MCM  complex  subunits  in
ancer  patients,  most  of  them  have  shown  that  MCM  complex
ubunits  have  an  effect  on  cell  proliferation,  invasion  and
etastasis.19,20 Liu  et  al.  showed  an  increase  in  tumor  size

nd  the  number  of  metastatic  lymph  nodes,  progression  in
he  tumor  TNM  stage,  and  an  increase  in  tumor  invasion  rates
ith  MCM2  overexpression  in  patients  with  bladder  cancer.21

dditionally,  the  rate  of  recurrence  increases  with  MCM2
verexpression  in  bladder  cancer.22 Similarly,  Giaginis  et  al.
ound  that  the  Dukes  stage  was  more  advanced  in  patients
ith  colorectal  cancer  with  MCM2  overexpression.23 It  has
lso  been  shown  that  MCM2  overexpression  is  a  poor  prog-
ostic  factor  in  glioma,  hepatocellular  cancers,  non-small
ell  lung  cancer,  acute  lymphocytic  leukemia,  renal  cell  can-
er  and  breast  cancer.24 These  results  show  that  biological
ggressiveness  increases  with  MCM2  overexpression.  In  our
tudy,  patients  with  low  MCM2  expression  demonstrated  a
ignificantly  better  OS  than  patients  with  high  MCM2  expres-
ion.  Additionally,  patients  with  low  MCM2  expression  had
etter  PFS  than  patients  with  high  MCM2  expression,  the
esults  are  close  to  statistical  significance.  We  also  showed

 statistically  significant  increase  in  tumor  (T)  stage  with
CM2  overexpression.  Although  there  is  no  study  in  the  liter-
ture  examining  the  prognostic  effect  of  MCM2  expression  in
asopharyngeal  cancer,  the  results  of  our  study  are  compati-
le  with  the  literature  in  that  the  results  are  more  aggressive
n  patients  with  high  MCM2  expression.
Compared  to  other  members  of  MCM  complex  subunits,
he  relationship  between  MCM3  expression  and  survival  has
een  relatively  less  studied  in  the  literature.  In  a  previ-
us  research,  it  was  showed  that  the  high  MCM3  expression
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Table  3  The  relationship  between  MCMs  expression  with  histopathologic  subgrups.

Histopathologic  subgrups  p-Value

Keratinizing  Non-keratinizing  Basaloid

MCM2  value
Low  1  (6%)  19  (40%)  1  (33%)  0.04a

High  15  (94%)  29  (60%)  2  (67%)
MCM3 value
Low  10  (63%)  30  (63%)  0  (0%)  0.09
High 6  (37%) 18  (37%) 3  (100%)
MCM5 value
Low  9  (56%) 30  (63%) 0  (0%) 0.1
High 7  (44%)  18  (37%)  3  (100%)
MCM6 value
Low  4  (25%)  26  (54)  0  (0%)  0.03a

High  12  (75%) 22  (46)  3  (100%)
MCM7 value
Low  6  (38%) 36  (75%) 0  (0%)  0.002a

High  10  (62%) 12  (25%) 3  (100%)
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Table  4  Multivariate  cox  regression  analyses  related  with
OS.

Variables  HR  95%  CI  p-Value

MCM2
Low  1
High  1.7  0.54---5.47  0.3
MCM3
Low 1
High  1.2  0.49---3.39  0.6
MCM5
Low 1
High  2.0  0.73---5.45  0.1
MCM6
Low 1
High  2.07  0.55---7.77  0.2
MCM7
Low 1
High  2.65  1.01---6.99  0.04a

Stage
I---III  1
IV  2.03  088---4.71  0.09
Histopathological  subgrup
Keratinizing  1
Non-keratinizing  0.41  0.15---1.09  0.07
Basaloid  0.58  0.12---2.53  0.45

s
p
p

MCM, Mini Chromosome Maintenance.
a Statistically significant.

nhances  cell  migration,  cell  growth,  and  the  invasion  abil-
ty  of  medulloblastoma  cells.25 The  poor  prognostic  effect  of
CM3  overexpression  was  also  shown  in  gliomas,  thyroid  car-
inomas,  melanoma,  cutaneous  T-cell  lymphomas  and  oral
quamous  cell  carcinomas.19 In  this  current  study,  we  have
emonstrated  that  MCM3  overexpression  was  statistically
ignificantly  associated  with  poor  OS  and  PFS.  Although  there
s  no  study  in  the  literature  examining  the  prognostic  effect
f  MCM3  expression  in  nasopharyngeal  cancer,  these  results
uggest  that  MCM3  overexpression  may  be  a  prognostic  fac-
or  for  nasopharengeal  cancer.

The  other  parameter  investigated  in  our  study  was  the
elationship  between  MCM5  expression  and  survival  out-
omes.  According  to  our  study  results,  the  patients  with
CM5  overexpression  had  statistically  significant  shorter  OS
nd  PFS  than  that  of  patients  with  MCM5  low  expression.
ang  et  al.  reviewed  the  role  of  MCM  complex  subunits  in

astrointestinal  malignancies  in  2020.26 According  to  their
eview,  MCM  complex  subunits  was  seen  as  prognostic  mark-
rs  for  gastrointestinal  tumors.  They  also  reported  that,
CM5  overexpression  correlates  with  shorter  OS  in  patients
ith  gastric  cancer  and  hepatocellular  carcinoma.  Nowin-

ka  et  al.  aimed  to  find  the  level  of  MCM5  expression  in
arengeal  squamous  cell  cancer  and  compare  the  results  with
enign  laryngeal  lesions.27 Their  results  showed  that  MCM5
verexpression  can  be  an  additional  proliferation  marker  for
umors.  The  poor  prognostic  effect  of  MCM5  overexpression
mong  patients  with  lung  cancer,  bladder  cancer  and  hepa-
ocellular  cancer  were  also  reviewed  by  Yu  et  al.  in  2020.19

ur  results  are  consistent  with  the  literature  in  terms  of
howing  the  prognostic  importance  of  MCM5  in  which  over-
xpression  is  a  significant  predictor  of  poor  prognosis.

The  prognostic  importance  of  MCM6  overexpression  has

een  verified  in  various  type  of  cancer  like  meningiomas,
liomas,  hepatocellular  cancer,  endometrial  carcinoma,
on-small  cell  lung  cancer,  low-grade  chondrosarcomas,  and
antle  cell  lymphomas.19,28 The  authors  concluded  in  these

c
A
P
c

S23
MCM, Mini Chromoso Memaintenance.
a Statistically significant.

tudies  that  MCM6  overexpression  was  associated  with  worse
rognosis,  similar  to  our  study  results.  In  the  current  study,
atients  with  high  MCM6  expression  demonstrated  a  signifi-
antly  shorter  OS  than  patients  with  low  MCM6  expression.

dditionally,  patients  with  high  MCM6  expression  had  shorter
FS  than  patients  with  low  MCM6  expression,  the  results  are
lose  to  statistical  significance.
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G.  Kanyilmaz,  P.  Oltu

In  univariate  analysis,  we  have  demonstrated  that  MCM7
verexpression  was  associated  with  shorter  OS  and  PFS.  Also,
ccording  to  multivariate  analysis,  high  MCM7  expression
as  the  only  independent  prognostic  factor  for  OS  and  PFS

n  the  current  study.  The  relationship  between  cancer  and
CM7  expression  has  been  widely  examined  in  the  medi-
al  literature.  Winther  and  Torp  showed  that  the  level  of
CM7  protein  expression  was  higher  in  Grade  II  meningiomas
ompared  with  Grade  I  meningiomas.29 Guan  et  al.  demon-
trated  that  tumor  grade  increased  with  elevated  MCM7
xpression  in  papillary  urothelial  cancer.30 In  esophageal
arcinoma  cell  lines,  high  MCM7  expression  induced  cell
roliferation,  colony  formation  and  migration  by  regulat-
ng  the  AKT1/mTOR  messenger  system.31 In  2018,  Gou  et  al.
valuated  in  their  meta-analysis  based  on  thirty-one  studies
nvestigating  the  prognostic  importance  of  MCMs  in  different
ypes  of  cancer.20 As  a  result,  they  reported  that  MCM7  over-
xpression  estimate  poor  outcomes  of  patients.  Recently,  Yu
t  al.  reviewed  the  significant  data  related  the  tumorigenic
ole  of  MCM  complex  subunits  and  the  prognostic  importance
f  MCMs.19 As  a  conclusion,  the  authors  reported  that  MCM
omplex  subunits  are  considered  as  promising  prognostic  and
iagnostic  markers,  as  well  as  potential  therapeutic  targets
or  anticancer  treatments.

onclusion

ur  results  have  demonstrated  that  the  overexpression  of
CM  2,  3,  5,  6  and  7  indicated  a  poor  prognosis.  MCM7  was
n  independent  prognostic  factor  for  survival  outcomes  in
asopharyngeal  cancer  and  may  be  a  potential  therapeutic
arget  for  treatment.  Our  findings  are  consistent  with  the
ther  study  results  which  demonstrate  the  prognostic  impor-
ance  of  MCM  protein  family  in  the  other  types  of  cancer.
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