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Abstract
Introduction:  The  treatment  of  papillary  thyroid  microcarcinoma  remains  controversial.  Cen-
tral lymph  node  metastasis  is  common  in  papillary  thyroid  microcarcinoma  and  it  is  an  important
consideration  in  treatment  strategy  selection.
Objective:  The  aim  of  this  study  was  to  investigate  clinicopathologic  risk  factors  and  thy-
roid nodule  sonographic  characteristics  for  central  lymph  node  metastasis  in  papillary  thyroid
microcarcinoma.
Methods: We  retrospectively  reviewed  the  data  of  599  papillary  thyroid  microcarcinoma
patients  who  underwent  surgery  from  2005  to  2017  at  a  single  institution.  Univariate  and
multivariate  analyses  were  used  to  identify  the  clinicopathologic  factors  and  preoperative
ntral  lymph  node  metastasis.  A  receiver-operating  characteristic,
rformed  to  identify  the  efficacy  of  ultrasonographic  features  in  pre-

 metastasis.  A  nomogram  based  on  the  risk  factors  was  established
de  metastasis.
sonographic  features  of  ce
ROC curve  analysis,  was  pe
dicting central  lymph  node
to predict  central  lymph  no
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Results:  The  incidence  of  central  lymph  node  metastasis  was  22.4%.  The  univariate  and  multi-
variate analyses  suggested  that  gender,  age,  multifocality,  extrathyroidal  invasion,  and  lateral
lymph node  metastasis  were  independent  risk  factors  for  central  lymph  node  metastasis.  The
univariate  and  multivariate  analyses  revealed  that  nodular  shape,  margin,  and  calcification
were independently  associated  with  central  lymph  node  metastasis.  The  ROC  curve  analysis
revealed  that  the  combination  of  shape,  margin  and  calcification  had  excellent  accuracy  in
predicting  central  lymph  node  metastasis.  The  nomogram  was  developed  based  on  the  identi-
fied risk  factors  for  predicting  central  lymph  node  metastasis,  and  the  calibration  plot  analysis
indicated  the  good  performance  and  clinical  utility  of  the  nomogram.
Conclusions:  Central  lymph  node  metastasis  is  associated  with  male  gender,  younger  age  (<45
years), extrathyroidal  invasion,  multifocality  and  lateral  lymph  node  metastasis  in  papillary  thy-
roid microcarcinoma  patients.  The  ultrasongraphic  features,  such  as  irregular  shape,  ill-defined
margin and  calcification,  may  improve  the  efficacy  of  predicting  central  lymph  node  metastasis.
Surgeons  and  radiologists  should  pay  close  attention  to  the  patients  who  have  these  risk  factors.
The nomogram  may  help  guide  surgical  decision  making  in  papillary  thyroid  microcarcinoma.
© 2020  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/).

I

T
o
i
P
t
a
O
c
i
a
g
a
S
a
4

h
i
P
i
g
i
l
E
i
l
l
(
p
o
m
i
p
p
a

T
r
C

e
o
e
a
a
t
d
o
h
a
P
o
d
t
t
c

t
t
c
T
r
l
I
a
p
t
a
t

ntroduction

hyroid  carcinoma  is  the  most  common  form  of  neoplasia
f  the  endocrine  system,  and  its  incidence  rate  is  increas-
ng  by  an  average  of  4.5%  per  year  from  2007  to  2011.
apillary  thyroid  carcinoma  (PTC)  is  the  most  common  his-
ological  subtype  of  thyroid  cancer,  accounting  for  80%  of
ll  thyroid  malignancies.1 According  to  the  World  Health
rganization  classification  system,  papillary  thyroid  micro-
arcinoma  (PTMC)  is  defined  as  a  PTC  measuring  ≤1.0  cm  in
ts  greatest  dimension.2 In  recent  years,  the  widespread  use
nd  the  technical  improvement  of  ultrasound  (US)  and  US-
uided  fine-needle  aspiration  biopsy  (FNAB)  contributed  to
n  increase  in  the  rate  of  preoperative  diagnosis  of  PTMC.3,4

ome  studies  showed  that  the  percentage  of  PTMC  among
ll  thyroid  cancer  in  the  last  decade  reached  39.5%  even
2.0%.5,6

Although  PTMC  usually  follows  an  indolent  course  and
as  an  excellent  prognosis,  lymph  node  metastasis  (LNM)
s  present  in  17---64%  of  PTMC  patients  and  80%  of  recurrent
TMC  patients.7,8 Many  authors  consider  that  LNM  was  an
mportant  risk  factor.  A  large  population-based  study  sug-
ested  that  differentiated  thyroid  cancer  with  LNM  resulted
n  a  3  fold  higher  disease-related  mortality  rate.9 Central
ymph  node  metastasis  (CLNM)  in  PTC  cancer  is  common.
arly  detection  of  CLNM  plays  an  important  role  in  decid-
ng  the  therapeutic  choice.  For  the  management  of  central
ymph  node  (CLN),  the  American  Thyroid  Association  guide-
ines  recommend  prophylactic  central  lymph  node  dissection
pCLND)  may  be  performed  in  clinically  node-negative  PTC
atients,  particularly  those  with  extrathyroidal  extension
r  with  tumor  size  >4  cm.10 However,  because  the  recom-
endation  using  only  two  pathologic  features  might  be
nsufficient  to  predict  subclinical  CLNM,  pCLND  has  been
erformed  routinely  or  according  to  the  clinician’s  personal
reference.  Moreover,  pCLND  may  increase  morbidities  such
s  recurrent  laryngeal  nerve  injury  and  hypoparathyroidism.
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hus,  surgeons  need  to  better  understand  the  predictive
isk  factors  of  CLNM  when  deciding  whether  to  perform
LND.

Currently,  preoperative  US  are  the  first-line  method  of
xamining  LNM  in  PTC  patients.  Metastatic  lymph  nodes
ften  appear  with  calcification,  cystic  necrosis,  hyper-
chogenicity,  a  round  shape,  peripheral  or  mixed  vascularity
nd  the  absence  of  an  echogenic  hilum.11---13 However,  the
bility  of  preoperative  US  to  identify  CLNM  is  limited  due
o  the  overlying  thyroid  gland,  and  these  lymph  nodes
o  not  often  appear  abnormal  on  preoperative  imaging
r  by  inspection  at  the  time  of  surgery.  Thus,  US  may
ave  low  predictive  accuracy  for  CLNM  before  surgery.  In
ddition,  the  usefulness  of  US  when  determining  CLNM  in
TMC  is  still  controversial.14---16 Considering  that  prediction
f  CLNM  is  important  for  potentially  altering  the  clinical
ecision-making,  many  authors  have  studied  the  preopera-
ive  ultrasonographic  features  of  CLNM.  Currently,  improving
he  accuracy  of  diagnosis  of  CLNM  before  surgery  remains  a
hallenge.

Although  there  have  been  numerous  investigations  iden-
ifying  the  predictive  clinicopathologic  factors  for  CLNM,
he  results  are  inconsistent.  Whether  US  are  a  good
hoice  for  CLNM  evaluation  in  PTMC  remains  unclear.
hus,  identification  of  clinicopathologic  factors  and  thy-
oid  nodule  sonographic  features  for  predicting  CLNM  is
ikely  to  facilitate  optimal  therapeutic  decision  in  PTMC.
n  this  study,  we  retrospectively  examined  the  incidence
nd  related  clinicopathologic  features  of  CLNM  in  PTMC
atients,  attempting  to  reveal  the  independent  predic-
ors.  We  also  evaluated  thyroid  nodule  ultrasonic  features
ssociated  with  CLNM  in  these  patients,  which  might  help
o  more  accurately  determine  the  preoperative  status  of
LNM.  Additionally,  we  established  a  nomogram  to  pre-
ict  the  risk  of  CLNM  preoperative,  and  these  outcomes

ould  assist  greatly  in  decision-making  regarding  further
reatment.
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Table  1  US  and  pathologic  results  for  CLNM.

US  Pathologic  diagnosis

Positive  nodes  Negative  nodes  Total

Positive  nodes  27  78  105
Negative  nodes  107  387  494
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etween  January  2005  and  June  2017,  there  were  2046
atients  who  underwent  thyroid  surgical  treatment  in  a  sin-
le  institution.  The  present  study  was  accordance  with  the
eclaration  of  Helsinki  and  was  approved  by  the  Institutional
thical  Committee  (approval  no.  20170301,  20181207).
atients  consent  was  achieved  by  informed  consent  forms.

The  inclusion  criteria  was  as  follows:  (1)  patients  with-
ut  previous  history  of  radiation  and  other  head  and
eck  malignant  tumors;  (2)  patients  who  underwent  thy-
oidectomy  and  CLND;  (3)  PTMC  had  been  confirmed  by
istopathological  examination  of  the  surgical  specimen;
4)  the  medical  records  of  patients  were  complete.  The
atients  who  had  non-PTC  (follicular,  medullary  and  anaplas-
ic),  and  metastatic  carcinoma  from  other  organs  were
xcluded  from  this  study.  Patients  with  previous  thyroid
r  parathyroid  surgery  were  excluded.  The  patients  who
id  not  have  a  neck  US  were  also  excluded.  PTMC  diag-
osis  was  defined  as  PTC  whose  maximum  size  is  ≤1.0  cm
ccording  to  World  Health  Organization  Standards.  After  the
nclusion  and  exclusion  criteria,  599  PTMC  patients  were
ncluded.  The  following  variables  were  considered:  age  at
iagnosis,  gender,  Hashimoto  thyroiditis  (HT),  multifocality,
xtrathyroidal  invasion,  bilaterality,  type  of  surgery,  CLNM,
nd  lateral  lymph  node  metastasis  (LLNM).

In  our  study,  all  patients  underwent  careful  history
nd  thorough  physical  examination.  All  patients  under-
ent  a  preoperative  examination  with  a  high-resolution  US
quipped  with  a  7---12  MHz  linear  probe.  All  neck  US  exam-
nations  were  performed  by  radiologists  with  more  than  5
ears  of  experience  in  thyroid  imaging.  The  patients  were
laced  in  a  supine  position,  and  US  features  included  num-
er  of  nodules,  nodule  location,  unilateral  or  bilateral  gland
nvolvement,  shape,  margin,  echogenicity,  internal  content,
alcification,  anteroposterior  to  transverse  ratio  (A/T),  and
lood  flow.  Sensitivity,  specificity,  positive  predictive  value
PPV),  negative  predictive  value  (NPV),  and  accuracy  for
he  US  features  suspicious  for  CLNM  were  calculated.  The
iagnostic  accuracy  of  prediction  of  CLNM  was  calculated
ith  receiver  operating  characteristic  (ROC)  analysis.  The
rea  under  the  curve  (AUC)  was  estimated  from  the  ROC
urve.

Surgical  management  has  been  performed  according  to
he  American  Thyroid  Association  guidelines  2009  in  our
nstitution.17 Our  study  included  patients  with  both  ther-
peutic  CLND  and  pCLND.  In  the  cases  herein,  pCLND
as  performed  in  clinically  node-negative  patients  with
xtrathyroidal  invasion  or  tumor  size  larger  than  4  cm  or
ccording  to  the  surgeon’s  personal  preference.  Therapeutic
LND  was  performed  when  CLNM  was  detected  during  preop-
rative  or  intraoperative  examination.  CLND  was  performed
ranially  to  the  superior  artery  and  pyramidal  lobe,  caudally
o  the  innominate  vein,  laterally  to  the  carotid  sheaths,  and
orsally  to  the  prevertebral  fascia.  Particular  attention  was
aid  to  preserving  the  parathyroid  glands  and  the  recurrent
aryngeal  nerve.  Lateral  lymph  node  dissection  including  lev-
ls  II---V  was  performed  only  in  cases  with  clinically  evident
LNM.  Surgical  treatment  consisted  of  total  or  near-total

hyroidectomy  in  213  patients,  lobectomy  in  43  patients,
nd  lobectomy  with  isthmusectomy  in  343  patients.  Com-
rehensive  neck  dissections  such  as  radical  neck  dissection
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Total 134  465  599

nd  modified  neck  dissection  were  performed  in  4  patients,
nd  3  of  these  underwent  bilateral  neck  dissection.

Median  follow-up  period  was  32.4  months  (range:
.55---155.23  months).  All  patients  with  PTMC  were  exam-
ned  at  3,  6  and  12  months  after  the  initial  treatment
nd  yearly  thereafter,  or  more  frequently  according  to  the
linical  course.  Patient  progress  was  followed  by  physical
xamination,  US  and  CT  to  identify  local  thyroid  remnant,
ymph  node  and  distant  metastasis.

Univariate  analysis  was  performed  using  Pearson’s
hi-square  test  and  Fisher’s  exact  test  as  appropriate.  Statis-
ically  significant  results  obtained  from  univariate  analysis
ere  submitted  to  multivariate  logistic  regression.  A  nomo-
ram  was  built  using  the  variables  in  the  final  multivariate
ogistic  regression  model  to  predict  CLNM.  The  discrimina-
ive  ability  of  the  predictive  nomogram  was  assessed  by
arrell’s  Concordance  Index  (C-index).18 C-index  has  a  sim-

lar  meaning  to  the  AUC.  The  highest  value  of  C-index  is
,  which  means  perfect  discrimination;  the  lowest  value  is
.5,  which  stands  for  random  discrimination.  Calibration  was
sed  to  compare  how  well  the  predicted  probabilities  from
ur  nomogram  matched  the  actual  probabilities  of  CLNM.
or  all  analyses,  only  p-values  <0.05  were  considered  signif-
cant.  All  statistical  analyses  were  performed  using  the  SPSS
6.0  statistical  package  (SPSS,  Inc.,  Chicago,  IL,  USA),  and

 language  software  and  the  RMS  package.

esults

here  were  105  males  (17.5%)  and  494  females  (82.5%;  ratio
:4.7).  There  were  284  patients  (47.4%)  aged  <45  years  and
15  (52.6%)  aged  ≥45  years.  The  mean  maximum  tumor
ize  was  0.78  ±  0.20  cm.  We  found  CLNs  were  confirmed  as
ositive  with  US  before  surgery  in  105  patients,  but  post-
perative  pathology  results  revealed  that  27  patients  were
ositive.  US  visualized  494  negative  nodes  before  surgery,
hereas  post-surgical  pathology  results  indicated  107  lymph
odes  were  positive  (Table  1).  The  sensitivity  and  specificity
f  US  in  evaluating  CLNM  were  20.1%  and  83.2%,  respec-
ively.

The  clinicopathological  characteristics  of  the  599  PTMC
atients  are  shown  in  Table  2.  Among  all  patients,  multi-
ocality  was  found  in  140  patients  (23.4%),  bilaterality  in
01  patients  (16.9%),  extrathyroidal  invasion  in  99  patients
16.5%).  HT  coexistent  with  PTMC  was  observed  in  119
atients  (19.9%).  CLNM  was  identified  in  134  patients
22.4%),  LLNM  in  60  patients  (10%),  and  both  CLNM  and

LNM  in  37  patients  (6.2%).  During  lymphadenectomy,  one  to
8  lymph  nodes  were  removed.  The  number  of  LNM  varied
etween  0  and  18.
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Table  2  Clinicopathologic  characteristics  of  599  PTMC
patients.

Variables  Total

Gender
Male  105  (17.5%)
Female  494  (82.5%)

Age (years)
<45  284  (47.4%)
≥45 315  (52.6%)

Tumor size  (mm)
≤5 99  (16.5%)
>5 500  (83.5%)

Multifocality  140  (23.4%)
Bilaterality  101  (16.9%)
Extrathyroidal  invasion  99  (16.5%)
Lymph  node  metastasis

Present  157  (26.2%)
Absent  442  (73.8%)

Central  lymph  node  metastasis
Present  134  (22.4%)
Absent  465  (77.6%)

Lateral  lymph  node  metastasis
Present  60  (10.0%)
Absent  539  (90.0%)

Hashimoto  thyroiditis
Present  119  (19.9%)
Absent  480  (80.1%)
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Table  3  Univariate  and  multivariate  analysis  for  CLNM  with  stati

Variables  Univariate  analys

CLNM  (+)  CLNM  (−)  

Gender  

Male 39  (37.1%)  66  (62.9%)
Female 95  (19.2%)  399  (80.8%)

Age (years)
<45 88  (31.0%)  196  (69.0%)
≥45 46  (14.6%)  269  (85.4%)

Tumor size  (mm)  

≤5 15 (15.2%)  84  (84.8%)
>5 119  (23.8%)  381(76.2%)

Multifocality  

Present 41  (29.3%)  99  (70.7%)
Absent  93  (20.3%)  366  (79.7%)

Bilaterality  

Present 29  (28.7%)  72  (71.3%)
Absent  105  (21.1%)  393  (78.9%)

Extrathyroidal  invasion  

Present 37  (37.4%)  62  (62.6%)
Absent  97  (19.4%)  403  (80.6%)

Lateral lymph  node  metastasis  

Present 37  (61.7%)  23  (38.3%)
Absent  97  (18.0%)  442  (82.0%)

Hashimoto  thyroiditis  

Present 30  (25.2%)  89  (74.8%)
Absent  104  (21.7%)  376  (78.3%)
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The  risk  factors  of  PTMC  patients  with  CLNM  are  shown
n  Table  3. In  PTMC  patients,  male  (p  =  0.000),  age  <45  years
p  =  0.000),  multifocality  (p  =  0.025),  extrathyroidal  invasion
p  =  0.000),  and  LLNM  (p  =  0.000)  were  significantly  associ-
ted  with  CLNM.  Significant  results  obtained  in  univariate
nalysis  were  subjected  to  multivariate  logistic  regression
nalysis.  Male  (OR  =  0.355;  95%  CI  0.219---0.577;  p  =  0.000),
ge  <45  years  (OR  =  2.67;  95%  CI  1.758---4.055;  p  =  0.000),
ultifocality  (OR  =  0.626;  95%  CI  0.393---0.997;  p  =  0.049),

xtrathyroidal  invasion  (OR  =  0.378;  95%  CI  0.230---0.621;
 =  0.000),  and  LLNM  (OR  =  0.317;  95%  CI  0.129---0.778;
 =  0.012)  remained  as  independent  risk  factors
f  CLNM.

Preoperative  US  characteristics  were  compared  in
atients  with  and  without  CLNM,  as  presented  in  Table  4.
nivariate  analysis  revealed  that  statistical  differences

n  shape  (p  =  0.000),  margin  (p  =  0.026),  echogenicity
p  =  0.011),  calcification  (p  =  0.000),  and  A/T  (p  =  0.021)
etween  the  two  groups.  Multivariate  analysis  showed  that
hape,  margin,  and  calcification  were  found  to  be  inde-
endent  factors  indicative  of  CLNM.  The  odds  ratios  of
hese  significant  factors  were  0.464  (95%  CI  0.262---0.823,

 =  0.009),  1.776  (95%  CI  1.063---2.966,  p  =  0.028),  0.130  (95%
I  0.081---0.208,  p  =  0.000),  respectively.

The  sensitivity,  specificity,  PPV,  NPV  and  diagnostic  accu-
acy  of  US  features  are  shown  in  Table  5.  The  respective

ensitivity,  specificity,  PPV,  NPV  and  accuracy  for  the  predic-
ion  of  CLNM  were  as  follows:  irregular  shape  0.303,  0.851,
.26,  0.876  and  0.426;  ill-defined  margin  0.652,  0.246,
.25,  0.831  and  0.439;  calcification  0.665,  0.784,  0.402,

stically  significant  variables.

is  Multivariate  analysis

p-Value  OR  95%  CI  p-Value

0.000  0.355  0.219---0.577  0.000

0.000 2.670  1.758---4.055  0.000

0.059

0.025  0.626  0.393---0.997  0.049

0.093

0.000  0.378  0.230---0.621  0.000

0.000  0.317  0.129---0.778  0.012

0.406
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Table  4  Univariate  and  multivariate  analysis  of  ultrasonographic  characteristics  in  PTMC  patients  with  CLNM.

Variables  Univariate  analysis  Multivariate  analysis

CLNM  (+)  CLNM  (−)  p-Value  OR  95%  CI  p-Value

Number  of  nodules  0.218
<1 88  (24.0%)  278  (76.0%)
≥2 46  (19.7%)  187  (80.3%)

Location  0.841
Upper third  25  (22.7%)  85  (77.3%)
Mid third  41  (19.9%)  165  (80.1%)
Lower third  60  (24.5%)  185  (75.5%)
Isthmus  3  (20.0%)  12  (80.0%)
Multicentric  5  (21.7%)  18  (78.3%)

Bilaterality  0.676
Present 21  (20.8%)  80  (79.2%)
Absent  113  (22.7%)  385  (77.3%)

Shape 0.000  0.464  0.262---0.823  0.009
Regular 20  (12.4%)  141  (87.6%)
Irregular  114  (26.0%)  324(74.0%)

Margin  0.026  1.776  1.063---2.966  0.028
Smooth 33  (16.9%)  162  (83.1%)
Ill-defined  101  (25.0%)  303  (75.0%)

Echogenicity  0.011  0.621  0.375---1.028  0.064
Markedly hypoechoic  19  (30.2%)  44(69.8%)
Hypoechoic  108  (23.3%)  356  (76.7%)
Isoechoic/hyperechoic  7  (9.7%)  65  (90.3%)

Internal  structure  0.159
Solid 124  (22.5%)  428  (77.5%)
Cystic 1  (100.0%)  0  (0)
Mixed 9  (19.6%)  37  (80.4%)

Calcification  0.000  0.130  0.081---0.208  0.000
Present 105  (40.2%)  156  (59.8%)
Absent  29  (8.6%)  309  (91.4%)

Aspect  ration  (A/T)  0.021  0.802  0.509---1.265  0.343
<1 43  (17.6%)  201(82.4%)
≥1 91  (25.6%)  264  (74.4%)

Blood flow  0.460
No 20  (18.0%)  91  (82.0%)
Little 84  (23.7%)  271  (76.3%)
Rich 30  (22.6%)  103  (77.4%)
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Table  5  Predictive  value  of  ultrasonograhpic  features.

Variables  Sensitivity  Specificity  PPV  NPV  Accuracy  AUC

Shape  0.303  0.851  0.26  0.876  0.426  0.577
Margin 0.652  0.246  0.25  0.831  0.439  0.449
Calcification  0.665  0.784  0.402  0.914  0.691  0.724
Shape +  margin  +  calcification  0.724  0.744  

Figure  1  ROC  curve  for  the  predictive  of  preoperative  ultra-
sonographic  features.  The  predictive  model  of  CLNM  was
accurate  and  discriminating,  with  AUC  of  0.782.  A  cut  point
for prediction  of  CLNM  was  defined  as  a  value  =  0.468.  A  pre-
dicted probability  of  0.468  provided  a  sensitivity  of  72.4%  and
a specificity  of  74.4%.
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foci  developed  through  the  intrathyroidal  metastasis  from  a
primary  tumor.28
.914  and  0.691.  The  AUC  value  of  shape  and  margin  was

.577  and  0.449,  respectively,  even  though  they  satisfied
he  p  <  0.05.  As  expected,  combination  of  three  US  features
utperformed  those  based  on  only  one  feature,  and  combi-
ation  achieved  the  highest  AUC  of  0.782  and  accuracy  of
.77  (Fig.  1).  The  maximum  Youden  index  was  obtained  at  a
robability  cut  point  of  0.468,  yielding  a  sensitivity  of  0.724
nd  a  specificity  of  0.744.

Then,  a  predictive  nomogram  that  incorporated  the  sig-
ificant  risk  factors  associated  with  CLNM  was  constructed
ased  on  the  multivariate  logistic  regression  model  (Fig.  2).
his  nomogram  integrated  five  risk  factors  (gender,  age,
hape,  margin,  and  calcification)  to  assist  in  predicting  CLNM
n  PTMC  patients  before  the  surgery.  Each  level  within  varia-
les  was  assigned  a  score  according  to  the  point  scale.  By
dding  the  total  score  and  locating  it  on  the  total  point
cale,  a  corresponding  probability  of  CLNM  of  each  indi-
idual  was  determined.  This  nomogram  had  a  good  C-index

f  0.835.  The  calibration  plot  also  presented  good  agree-
ent  between  nomogram-predicted  metastasis  probability v

41
0.485  0.853  0.770  0.782

nd  actual  metastasis  probability  of  central  lymph  node  in
ig.  3  (mean  absolute  error  =  0.019).

iscussion

he  reported  incidence  of  PTC  has  increased  steadily  over
ime,  predominantly  because  of  increased  detection  of
TMC,  and  this  will  likely  draw  continued  attention  around
he  world.  Despite  its  overall  excellent  prognosis,  some
TMC  may  be  aggressive  and  therefore  also  lethal  because
f  distant  metastases.  Some  studies  reported  that  the  rate
f  mortality  in  the  first  10  years  after  surgery  is  <1%,  and
he  locoregional  disease  recurrence  in  the  same  period  is
xpected  in  5%  of  patients.19,20 Like  PTC,  PTMC  has  a  rel-
tively  high  frequency  of  CLNM,  and  the  amount  of  CLNM
ight  affect  these  patients’  prognosis.  CLNM  prevalence

anged  between  13.0%  and  64.1%  in  previous  studies.21---25

e  assumed  the  reason  may  be  the  heterogeneity  in  sur-
ical  technique,  especially  in  the  setting  of  CLND  in  which
he  extent  of  surgery  may  vary.  In  our  study,  the  incidence
f  CLNM  in  PTMC  was  22.4%,  which  was  in  accordance  with
revious  reports.  CLNM  is  an  important  risk  factor  of  recur-
ence,  and  is  not  often  detected  clinically  in  patients.  Thus,
dentification  of  predictive  factors  associated  with  CLNM
ay  guide  appropriate  surgical  strategies  for  patient.
We  found  PTMC  had  a  higher  rate  in  female  patients

82.5%),  and  CLNM  rate  is  higher  in  male  patients  (37.1%).
he  results  demonstrated  that  maleness  was  an  indepen-
ently  predictive  factor  of  CLNM.  We  agreed  with  the
xplanation  which  might  be  associated  with  the  fluctua-
ion  of  sex  hormone  during  a  female’s  menstrual  cycle  and
regnancy.26 For  the  male  patients,  the  normally  higher
asal  metabolic  rate  might  incite  an  overactive  prolifera-
ion  of  tumor  cell,  and  it  lead  to  more  metastasis.  Previous
eports  have  indicated  multifocality  as  an  independent  risk
actor  for  CLNM,  and  we  tested  it  in  this  study.  The  incidence
f  CLNM  in  patients  with  multifocal  PTMC  was  29.3%  as  com-
ared  to  20.3%  in  patients  with  unifocal  disease.  We  found
ultifocality  was  associated  with  a significantly  increased

isk  of  CLNM.  It  remains  uncertain  whether  the  de  novo
ccurrence  of  distinct  tumors  or  multiple  foci  in  PTC  ori-
in  from  a  single  intrathyroidal  tumor.  Some  evidence  has
uggested  that  noncontiguous  tumor  foci  originated  from
ndependent  precursors.27 Jovanovic’s  study  found  that  83%
f  multiple  foci  in  PTMC  had  genetic  alterations  consistent
ith  a  monoclonal  origin  based  on  genome-wide  allelotyp-

ng  which  indicated  that  monoclonally  derived  and  multiple
Age  is  considered  an  important  prognostic  factor  for  sur-
ival  in  patients  with  PTC  >1  cm;  however,  its  prognostic
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Figure  2  Nomogram  for  predicting  CLNM  in  
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igure  3  Calibration  plots  of  nomogram  for  predicting  CLNM
internal  validation  set).

alue  in  PTMC  is  uncertain  with  inconsistent  results.29---31 The
JCC/UICC  TNM  system  uses  the  age  of  45  years  as  a  cutoff
or  upstaging  patients.32 In  this  study,  we  found  the  rate  of
LNM  was  higher  in  patients  <45  years  than  that  ≥45  years
31.0%  vs.  14.6%),  and  age  was  an  independent  predictor  of
LNM  by  univariate  and  multivariate  analyses.  We  assumed
hat  younger  patients  probably  have  more  aggressive  fea-
ures  than  older  patients.  In  clinical  practice,  more  careful
reoperative  assessment  of  the  lymph  nodes  status  must
e  followed  in  young  patients,  and  the  treatment  strategy
or  young  patients  might  be  different  from  that  for  older
atients.  For  example,  CLND  may  be  better  for  younger

atients,  whereas  observation  may  be  best  for  old  patients.

The  risk  of  CLNM  is  known  to  increase  with  tumor  size.
revious  studies  have  suggested  that  tumor  size  is  an  inde-
endent  predictor  of  CLNM,5,23,30,31 but  the  cutoff  size

d
H
i
a

42
PTMC  patients  based  on  five  risk  factors.

iffered  across  various  studies.  Although  the  ideal  cutoff
alue  of  size  for  the  threshold  of  PTMC  is  still  uncertain,
ost  studies  use  0.5  cm  as  the  size  threshold  and  have  inves-

igated  the  aggressiveness  of  PTMC.  They  proposed  PTMC
0.5  cm  was  more  significantly  associated  with  CLNM  than
hose  <0.5  cm.  The  result  in  this  study  showed  that  more
LNMs  could  be  found  in  PTMC  >0.5  cm;  however,  it  failed  to
each  statistical  significance  in  the  univariate  analysis.  The
ate  of  extrathyroidal  invasion  for  PTMC  varies  a  lot  from  dif-
erent  studies  (2%---21%).24,32 The  difference  in  the  incidence
ight  be  accounted  for  by  different  diagnostic  criteria.

ome  studies  considered  extrathyroidal  invasion  only  when
ross  invasion  into  extrathyroidal  structures  occurs,  while
thers  included  both  microscopic  and  extensive  extrathy-
oidal  invasion.  In  our  study,  extrathyroidal  invasion  was
emonstrated  as  an  independent  clinicopathologic  factor  for
redicting  CLNM.  Although  we  cannot  separately  analyze  the
wo  subtypes  of  extrathyroidal  invasion,  some  studies  have
hown  that  the  different  subtypes  might  represent  a  similar
redictive  value  for  CLNM  in  PTMC.4,7

It  is  known  that  the  occurrence  of  HT  is  higher  in  PTC
atients.1 Some  previous  studies  reported  that  coexisting
T  in  PTMC  was  correlated  with  LNM.33,34 However,  in  a
TMC  report,  So  et  al.  found  24.9%  of  PTMC  patients  had  HT
nd  there  was  no  association  between  HT  and  LNM.29 Kim
t  al.  also  reported  that  HT  did  not  affect  the  frequency
f  LNM  in  PTMC.33 In  this  study,  the  rate  of  HT  was  19.9%
n  PTMC  patients,  and  the  rate  of  CLNM  was  25.2%  in  the
T  group,  which  was  higher  compared  with  non-HT  group

21.7%).  However,  there  was  no  association  between  HT  and
LNM  in  this  study.  Currently,  the  effect  of  coexistent  HT  on
rognostic  outcomes  in  PTMC  is  still  unclear.

At  present,  ultrasonography  is  widely  used  to  evaluate
LNM  in  PTMC  patients,  both  for  the  initial  staging  and

uring  the  subsequent  surveillance  following  thyroidectomy.
owever,  it  has  a  poor  diagnostic  capacity  for  CLNM  because

t  is  affected  by  gas,  bone  and  glands.  Some  studies  have
ddressed  the  wide  variability  in  sensitivity  (10.9%---94%)  and
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pecificity  (69%---90%)  of  US  in  detecting  CLNM.35---38 In  our
tudy,  US  had  high  specificity  (83.2%)  and  low  sensitivity
20.1%)  in  diagnosing  CLNM,  which  was  similar  to  those  of
revious  studies.  The  high  rate  of  CLNM  and  low  sensitivity
f  US  make  it  challenging  to  investigate  which  factors  are
ssociated  with  CLNM.  Previous  studies  have  identified  some
ypical  US  features  of  LNM  in  PTC,  including  microcalcifica-
ion,  intranodal  cystic  component,  round  or  taller-than-wide
hape,  and  irregular  border.  Similar  results  were  found  in
his  study,  and  it  revealed  that  shape,  margin,  echogenicity,
alcification,  and  A/T  were  risk  factors  in  univariate  analy-
is.  However,  multivariate  analysis  demonstrated  that  only
hape,  margin,  and  calcification  were  independent  factors.

The  number  of  primary  nodules  is  one  of  the  factors  used
o  assess  the  prognosis  of  PTMC.  However,  our  result  showed
hat  multifocal  nodules  were  not  significantly  related  to
LNM.  It  may  have  been  due  to  the  high  incidence  and
eceptive  US  images  of  benign  thyroid  nodules.  Based  on
athological  results,  we  found  that  multifocality  increased
he  risk  of  CLNM.  Thus,  if  all  the  patients  with  multifocal
umors  had  preoperative  US  and  US-guided  FNAB,  it  might
mprove  the  judgment  of  the  lesions,  and  this  finding  might
as  been  different.  Some  studies  had  reported  that  the  inci-
ence  of  CLNM  was  related  to  the  location  of  PTMC.23,39 Our
esults  showed  that  nodule  located  in  the  lower  pole  of  the
hyroid  gland  had  higher  rate  of  CLNM.  We  postulated  that
umor  cells  from  the  mid-lower  region  of  thyroid  gland  might
e  more  likely  to  be  transported  to  the  tracheoesophageal
roove  in  the  central  lymph  nodes  due  to  the  nature  of  the
ymphatic  drainage  system  of  the  thyroid  gland.

Calcifications  in  the  metastatic  lymph  nodes  are  the  focal
ccumulation  of  calcium  salt,  and  part  of  the  mechanism
ay  be  the  rapid  proliferation  of  tumor  cells  and  hyperplasia

f  cancer  tissues.36 In  this  study,  the  presence  of  calcifica-
ion  was  found  to  be  a  typical  sign  that  suggested  cervical
ymph  node  involvement.  Rosario  et  al.  proposed  that  cal-
ification  had  a  specificity  and  positive  predictive  value  of
00%,  because  it  was  not  observed  in  any  normal  or  reactive
ymph  nodes.40 In  the  2015  ATA,  microcalcificaiton  has  been
egarded  as  one  of  the  highly  specific  signs  and  important  US
ndings  of  suspicious  malignant  nodules.  In  addition,  some
uthors  reported  that  dense  vascularity  was  associated  with
igh  blood  flow  velocity,  and  was  related  with  rapid  tumor
rowth  nourished  by  rich  blood  from  new  vessels,  leading  to
arger  contact  areas  for  cancer  and  lymphatic  vessels,  which
ight  result  in  LNM.16 However,  blood  flow  in  our  study  was

ot  a  predictive  factor  for  CLNM.
US  evaluation  is  operator-dependent  and  no  single  fea-

ure  is  adequately  sensitive  for  detection  of  CLNM  in  PTMC.
lthough  many  studies  have  described  preoperative  US  fea-
ures  of  PTMC  and  identified  several  predictive  factors,  few
f  them  integrated  all  risk  factors  for  prediction  of  CLNM.
n  this  study,  we  found  the  combination  of  three  US  fea-
ures  (shape,  margin,  and  calcification)  showed  superior
erformance  in  predicting  CLNM  compared  with  other  sin-
le  factor.  The  sensitivity,  specificity  and  accuracy  were
ncreased  respectively  to  72.4%,  74.4%  and  77.0%.  Using  ROC
urve,  we  identified  0.468  as  the  cut-off  value  for  predicting

LNM  with  PPV  of  48.5%  and  NPV  o  85.3%.  In  addition,  we  also
eveloped  a  nomogram  based  on  the  identified  risk  factors
ecause  a  nomogram  could  integrate  all  of  these  variables
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ogether  and  give  an  individual  estimation  of  the  metastatic
isk  for  each  patient.  Nomogram  has  been  reported  to  be
elpful  in  dealing  with  dilemmas  in  breast  cancer,  but  it
as  been  rarely  reported  for  predicting  CLNM  risk  in  PTMC
atients.41 To  use  this  nomogram,  a  PTMC  patient’s  value
as  located  on  the  corresponding  variable  axis,  and  a  verti-
al  line  was  drawn  upwards  to  acquire  the  number  of  total
oints.  All  of  the  points  were  then  added,  and  then  the  sum
as  located  in  the  CLNM  risk  axis.  Thus,  we  could  obtain

he  estimated  likelihood  of  CLNM  in  every  PTMC  patient.
ur  nomogram  showed  a  good  discriminative  ability,  with  a
-index  of  0.835.  We  consider  that  it  is  a  reliable  tool  to
elp  clinicians  to  decide  whether  to  perform  CLND  in  PTMC
atients.

We  acknowledge  that  there  are  several  limitations  in
ur  study.  First,  it  is  a  retrospective  study  that  focused  on
ata  from  a  single  center,  which  may  had  resulted  in  selec-
ion  bias.  Second,  the  sample  size  was  not  large  enough,
ith  only  599  patients  being  ultimately  identified.  Larger

ample  size  studies  are  needed  to  further  confirm  our  pre-
ictive  model.  Simultaneously,  the  mean  follow-up  duration
f  44.28  months  seems  to  be  short  considering  the  natural
ourse  of  thyroid  cancer,  and  it  could  increase  the  statistical
ncertainty.  Lastly,  the  nomogram  needs  further  validation
n  a  large  prospective  cohort  of  PTMC  patients.

onclusion

n  summary,  clinicopathologic  factors  of  male  gender,
ounger  age  (<45  years),  multifocality,  extrathyroidal  inva-
ion,  and  LLNM  are  independent  risk  factors  predicting
LNM.  We  conclude  that  CLNM  may  be  closely  associated
ith  US  characteristics  including  irregular  shape,  ill-defined
argin  and  calcification,  implying  that  PTMCs  with  these
S  appearances  are  likely  to  have  a  higher  risk  of  CLNM.
linicians  should  pay  close  attention  to  the  patients  who
ave  these  predictors.  We  generated  a nomogram  model
or  predicting  CLNM  risk  in  PTMC  patients.  It  incorporated
ve  independent  variables  and  showed  a  good  predic-
ive  accuracy.  Preoperative  evaluation  and  pCLND  may
e  indicated  when  the  patients  have  a  high  nomogram
core.
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