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• HT  played  a  protective  role  in  PTC.
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Abstract
Objective:  The  association  between  Papillary  Thyroid  Carcinoma  (PTC)  and  coexistent
Hashimoto’s  Thyroiditis  (HT)  was  controversial.  The  purpose  of  this  study  was  to  evaluate  the
presence  of  HT  exerts  any  influence  on  the  aggressiveness  of  PTC,  and  to  establish  a  nomogram
for predicting  the  possibility  of  aggressiveness  in  PTC.
Methods:  373  consecutive  PTC  patients  with/without  coexistent  HT  from  January  2017  to
December 2020  were  retrospective  reviewed.  Patients’  clinicopathologic  and  sonographic  char-
acteristics were  collected  for  univariate  and  multivariate  analyses.  A  nomogram  was  established
based on  the  risk  factors  for  aggressiveness  in  PTC.
Results:  Male  (p  =  0.001),  tumor  size  >1.0  cm  (p  =  0.046)  and  lymph  node  metastasis  (p  =  0.018)

were negatively  associated  with  PTC  coexisted  with  HT,  while  it  was  significantly  posi-
tively associated  with  the  frequence  of  multifocality  (p  =  0.010).  Univariate  and  multivariate
analyses suggested  that  age  ≥55  years  (p  =  0.000),  male  (p  =  0.027),  HT  (p  =  0.017),  tumor
size >1.0  cm  (p  =  0.015),  multifocality  (p  =  0.041),  distance  to  capsular  ≤0  cm  (p  =  0.050)
Peer Review under the responsibility of Associação Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial.
∗ Corresponding author.

E-mail: alphalife@163.com (B. Chen).
1 These authors contributed equally to this work.

ttps://doi.org/10.1016/j.bjorl.2024.101456
808-8694/© 2024 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial.
his is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.bjorl.2024.101456
http://www.bjorl.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjorl.2024.101456&domain=pdf
https://orcid.org/0000-0001-7269-5479
https://orcid.org/0000-0003-1702-0553
https://orcid.org/0009-0008-3103-2968
https://orcid.org/0009-0000-0129-5486
https://orcid.org/0000-0002-1486-1755
https://orcid.org/0009-0006-9289-492X
https://orcid.org/0000-0001-9559-9199
mailto:alphalife@163.com
https://doi.org/10.1016/j.bjorl.2024.101456
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/


S.  Zhao,  Z.  Zhang,  X.  Zhang  et  al.

and  blood  flow  (Grade  I:  p  =  0.044)  were  independent  risk  factors  for  predicting  the  aggressive-
ness in  PTC.  A  nomogram  according  to  these  predictors  was  further  developed  and  validated.
The receiver  operating  characteristic  curve  (AUC  =  0.734  and  0.809  for  training  and  validation
cohorts, respectively)  and  decision  curve  analyses  indicated  that  the  nomogram  model  was
clinically useful.  The  calibration  curve  revealed  that  the  nomogram  exhibited  an  excellent
consistency.
Conclusions:  In  this  study,  the  coexistent  HT  might  play  a  protective  role  in  preventing  the
proliferation  of  PTC.  Dispensable  aggressive  treatment  may  be  reduced  in  PTC  by  pre-operative
identification  of  sonographic  and  clinical  characteristics  and  incorporating  with  the  predicted
nomogram  model.
© 2024  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Associação  Brasileira  de  Otorrino-
laringologia  e  Cirurgia  Cérvico-Facial.  This  is  an  open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/4.0/).
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vidence  level:  This  article’s  evidence  level  is  3.  Level  3
vidence  is  derived  from  non-randomized,  controlled  clini-
al  trials.  In  this  study,  patients  who  receive  an  intervention
re  compared  to  a  control  group.  Authors  may  detect  a  sta-
istically  significant  and  clinically  relevant  outcome.

Papillary  Thyroid  Carcinoma  (PTC)  accounts  for  the  high-
st  proportion  (more  than  90%)  of  all  thyroid  carcinomas.1

ost  PTCs  have  an  indolent  disease  course  with  a  low  mortal-
ty  rate  and  a  favorable  prognosis  even  after  low-intensity
reatment.2 In  consequence,  a  wide  range  of  options  are
mployed  for  disease  management,  from  active  surveillance
o  surgical  treatment  and  subsequent  radioactive  iodine
blation.3 Hence  the  stratification  of  PTC  patients  by  risk
f  aggressiveness  has  been  the  main  clinical  issue.  Several
linicopathologic  characteristics  have  been  currently  recog-
ized  as  risk  factors  of  unfavorable  prognosis,  such  as  older
ge,  large  primary  tumor  size,  Extrathyroidal  Extension
ETE),  Lymph  Node  Metastasis  (LNM),  and  Distant  Metasta-
is  (DM).4 According  to  ATA  guideline,  aggressive  treatment
s  recommended  for  PTC  patients  with  these  risk  fac-
ors.  Otherwise,  low-intensity  treatment  may  be  sufficient.3

evertheless,  these  managements  are  all  based  on  clin-
copathologic  analysis,  resulting  in  excessive  unnecessary
urgeries.  Preoperative  multifaceted  accurate  evaluation
ust  be  carried  out  by  identification  of  specific  biomark-

rs,  invasive  sonographic  features  and  aggressive  clinical
haracteristics.5

Hashimoto’s  Thyroiditis  (HT)  occupies  the  major  pro-
ortion  of  autoimmune  thyroid  disorders,  causing  chronic
nflammation  of  the  thyroid  tissue.5 The  coexistence  rate
f  PTC  combined  with  HT  reported  in  epidemiologic  stud-
es  is  increasing,  ranging  from  5%  to  85%.6,7 Although  the
xistence  of  association  between  HT  and  PTC  development
nd  progression  has  been  accepted,  there  always  been  con-
roversial.  Due  to  the  less  invasive  disease  and  the  lower
ecurrence  rate,  coexistent  HT  is  widely  believed  playing  a
rotective  role  in  PTC.8 Lymphocyte  infiltration  caused  by

T  and  facilitating  antitumor  immunity  maybe  connected
ith  this  function,  which  makes  the  association  rational.9

owever,  few  studies  regarding  the  association  of  HT  with
TC  in  aggressiveness  by  sonographic  characteristics  of  PTC
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igure  1  Flow  chart  of  this  study.  PTC,  Papillary  Thyroid  Car-
inoma.

ith  the  presence  of  coexistent  HT.  This  study  was  aimed
t  assessing  and  determining  the  clinical  characteristics
nd  sonographic  characteristics  for  predicting  the  aggres-
iveness  of  PTC  coexisted  with  HT,  by  univariate  analysis,
ultivariate  analysis  and  nomogram.

ethods

atients

his  study  was  conducted  according  to  Declaration  of
elsinki  and  approved  by  the  Institutional  Ethical  Commit-
ee.  Three  hundred  and  seventy-three  consecutive  patients
275  females  and  98  males;  age  range:  18---80  y;  mean  age:
5.04  ±  12.27  y)  were  enrolled  from  January  1st,  2017  to
ecember  31st, 2020  in  this  study  (Fig.  1).  In  addition,  we
ollected  111  patients  (86  females  and  25  males;  age  range:
1---68  y;  mean  age:  42.76  ±  11.24  y)  as  validation  cohort
rom  January  1st to  August  31st, 2021.  All  patients  received

obectomy  or  total  thyroidectomy  for  PTC  with/without
oexistent  HT  at  our  hospital.  Informed  consent  forms  for
eneral  use  of  clinical  information  in  future  studies  were
btained  at  the  time  of  operation.

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/


Brazilian  Journal  of  Otorhinolaryngology  2024;90(5):101456

F logic
t tissu

t
c
P
c
w
h
p

I

A
a
t
d
m
u
b
a
l
t
i
p
c
e
L

H

S
O
E
p
(

o
a
p
t
n
w
h

S

M
S
u
c
r
t
f
l
T
c
a
g
T
c
t
p
s
s
g

igure  2  (A---C)  Conventional  ultrasonography,  CDFI  and  patho
is. (D---F)  Conventional  ultrasonography,  CDFI  and  pathological  

Inclusion  criteria  were  (1)  Patients  ≥18  years  old  with
hyroid  nodules  (Bethesda  system  ≥  V  cytology).  Exclusion
riteria  were  (1)  Patients  with  incomplete  documents;  (2)
atients  underwent  surgery  for  poorly  differentiated  thyroid
ancer  or  other  thyroid  malignant  neoplasms;  (3)  Patients
ith  history  of  cancer  or  thyroid  surgery.  For  patients  who
ad  standard  indications,  therapeutic  neck  dissection  was
erformed.

mage  analysis

ll  patients  were  detected  by  conventional  Ultrasound  (US)
nd  color  Doppler  US.  Sonographic  characteristics  include
umor  size  >1.0  cm,  marked  hypoechoic,  taller  than  wide,
istance  to  capsular  ≤0  cm,  microcalcification,  irregular
argin  and  multifocality  (Fig.  2A---B,  D---E).  Blood  flow  of  nod-

les  was  classified  into  the  following  3  levels:  Grade  0,  no
lood  flow  in  the  nodule;  Grade  I,  the  nodules  show  a small
mount  of  blood  flow,  only  a  few  spots  of  blood  flow  or  one
ong  vessel  penetrating  into  the  nodule  (more  than  half  of
he  maximum  diameter  of  the  nodule);  and  Grade  II,  there
s  abundant  blood  flow  inside  the  nodule,  with  5  or  more
unctate  blood  flow  or  2  long  vessels.10 These  sonographic
haracteristics  were  all  confirmed  by  two  experienced  US
xperts  using  MyLab  Twice  (Esaote,  Italy)  with  the  probe
A523.

istopathology

tandard  pathologic  diagnosis  followed  the  World  Health

rganization  criteria.  Coexistent  HT,  primary  tumor  size,
TE,  gross  ETE,  and  LNM  of  thyroid  were  confirmed  by  two
athologists  with  at  least  5  years  of  working  experience
Fig.  2C---F).  HT  was  diagnosed  on  pathological  examination
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al  tissue  image  of  PTC  without  coexistent  Hashimoto’s  thyroidi-
e  image  of  PTC  with  coexistent  Hashimoto’s  thyroiditis.

f  surgical  specimen  to  avoid  the  confounding  effects  of
utoimmune  antibodies.11 Absent  LNM  was  defined,  if  one
atient  who  did  not  undergo  lateral  compartment  dissec-
ion  with  his  negative  result  of  US  examination  for  lymph
odes.  In  this  study,  PTC  was  defined  as  aggressiveness,
hen  ETE,  gross  ETE,  or  LNM  was  showed  in  pathological
istology  result.

tatistical  analysis

ean  ±  Standard  Deviation  (SD)  indicated  quantitative  data.
tudent’s  t-test,  Pearson  �2 test  or  Fisher’s  exact  test  were
sed  for  clinicopathologic  characteristics  and  sonographic
haracteristics  compared  across  groups.  Multivariate  logistic
egression  analysis  was  used  in  order  to  identify  risk  fac-
ors  for  PTC  with/without  coexistent  HT  and  to  identify  risk
actors  for  aggressiveness  in  PTC.  The  nomogram  was  estab-
ished  for  predicting  the  aggressiveness  of  PTC  in  patients.
he  diagnostic  accuracy  of  prediction  of  aggressiveness  was
alculated  with  Receiver  Operating  Characteristic  (ROC)
nalysis.  The  discriminative  ability  of  the  predictive  nomo-
ram  was  assessed  by  Harrell’s  Concordance  Index  (C-index).
he  calibration  curve  was  used  to  determine  the  prediction
ompliance.  The  Decision  Curve  Analysis  (DCA)  was  used
o  evaluate  the  clinical  application  value  of  the  model;
-value  <  0.05  was  considered  statistically  significant.  All
tatistical  analyses  were  performed  using  the  SPSS  26.0
tatistical  package  (SPSS,  Inc.,  Chicago,  IL,  USA),  and  R  lan-
uage  software  and  R  Studio.
esults

 total  of  373  patients  were  incorporated  into  study,
ncluding  275  women  (73.7%).  The  prevalence  of  PTC  with
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Table  1  Univariate  and  multivariate  analysis  of  clinical,  pathological  and  sonographic  characteristics  in  PTC  patients.

Variables  Univariate  analysis  Multivariate  analysis

HT  absent  (n  =  297)  HT  Present  (n  =  76)  p-value  OR  95%  CI  p-value

Age  ≥55  years,  n  (%)  0.133
No 228  (76.8)  52  (68.4)
Yes 69  (23.2)  24  (31.6)
Gender, n  (%)  0.000  0.233  0.100---0.540  0.001
Female 206  (69.4)  69  (90.8)
Male 91  (30.6) 7  (9.2)
Tumor size  >1.0  cm,  n  (%) 0.020  0.512  0.265---0.988 0.046
No 193  (65.0) 60  (78.9)
Yes 104  (35.0)  16  (21.1)
ETE, n  (%)  0.035  0.161  0.020---1.313  0.088
No 273  (91.9)  75  (98.7)
Yes 24 (8.1) 1  (1.3)
Gross ETE,  n  (%) 0.508
No  266  (89.6) 70  (92.1)
Yes 31 (10.4) 6  (7.9)
Multifocality,  n  (%) 0.005  2.138  1.195---3.825  0.010
No 227  (76.4) 46  (60.5)
Yes 70 (23.6) 30  (39.5)
Bilateral lesions,  n  (%) 0.407
No 243  (81.8)  59  (77.6)
Yes 54  (18.2)  17(22.4)
LNM, n  (%)  0.002  0.013
None 119  (40.1)  44  (57.9)
N1a 160  (53.9)  24  (31.6)  0.491  0.272---0.885  0.018
N1b 18  (6.0)  8  (10.5)  1.696  0.591---4.867  0.326
Marked hypoechoic,  n  (%)  0.562
No 76  (25.6)  17  (22.4)
Yes 221  (74.4)  59  (77.6)
Taller than  wide,  n  (%)  0.194
No 163  (54.9)  48  (63.2)
Yes 134  (45.1)  28  (36.8)
Distance to  capsular  ≤0  cm,  n  (%)  0.217
No 201  (67.7)  57  (75.0)
Yes 96  (32.3)  19  (25.0)
Microcalcification,  n  (%)  0.398
No 61  (20.5)  19  (25.0)
Yes 236  (79.5)  57  (75.0)
Irregular Margin,  n  (%)  0.241
No 65  (21.9)  12  (15.8)
Yes 232 (78.1)  64  (84.2)
Blood flow,  n  (%)  0.529
Grade 0  86  (29.0)  19  (25.0)
Grade I  112  (37.7)  34  (44.7)
Grade II  99  (33.3)  23  (30.3)
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HT, Hashimoto Thyroiditis; ETE, Extrathyroidal Extension; LNM, Ly

oexistent  HT  was  20.4%  (76  cases).  The  average  age  of
atient  with  PTC  absent  of  HT  was  44.98  ±  12.28  years,
nd  the  average  age  of  PTC  patient  coexistent  with  HT  was
5.30  ±  12.30  years.

Female  occupied  a  major  component  of  patients  with

oexistent  HT  compared  to  patients  absent  of  HT  (90.8  %
s.  69.4  %).  Compared  with  PTC  absent  of  HT,  PTC  with
oexistent  HT  had  a  smaller  tumor  size  (0.85  ±  0.49  cm  vs.
.07  ±  0.73  cm)  and  were  less  likely  to  have  ETE  (1.3%  vs.
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Node Metastasis.

.1%)  and  LNM  (42.1%  vs.  59.9%)  (all  p  <  0.05).  Oppositely,
TC  with  coexistent  HT  was  more  likely  to  have  multifocality
39.5%  vs.  23.6%,  p  <  0.05).  Nodule  size  >1.0  cm  was  the  only
onographic  characteristics  between  PTC  with  coexistent
T  group  and  the  group  without  coexistent  HT  (21.1%  vs.

5.0%,  p  <  0.05).  There  was  no  significance  between  the  two
roups  for  the  other  sonographic  characteristics  of  PTC  for
nivariate  analysis  (Table  1).  The  association  of  clinical  char-
cteristics  and  sonographic  characteristics  between  the  PTC
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Table  2  Univariate  and  multivariate  analysis  of  aggressive  characteristics  in  PTC  patients.

Variables  Univariate  analysis  Multivariate  analysis

Absent
(n  =  151)

Aggressive
(n  =  222)

p-value  OR  95%  CI  p-value

Age  ≥55  years,  n  (%)  0.000  0.359  0.213---0.604  0.000
No 96  (63.6)  184  (82.9)
Yes 55  (36.4)  38  (17.1)
Gender,  n  (%) 0.020  1.871  1.075---3.254  0.027
Female 121  (80.1) 154  (69.4)
Male 30  (19.9) 68  (30.6)
HT 0.001  0.496  0.279---0.882 0.017
No 108  (71.5)  189  (85.1)
Yes 43  (28.5)  33  (14.9)
Tumor size  >1.0  cm,  n  (%)  0.000  2.031  1.146---3.600  0.015
No 122  (80.8) 131  (59.0)
Yes 29 (19.2) 91  (41.0)
Multifocality,  n  (%) 0.043  1.770  1.023---3.063  0.041
No 119  (78.8) 154  (69.4)
Yes 32 (21.2) 68  (30.6)
Bilateral  lesions,  n  (%) 0.070
No 129  (85.4) 173  (77.9)
Yes 22 (14.6) 49  (22.1)
Marked  hypoechoic,  n  (%)  0.566
No 40  (26.5)  53  (23.9)
Yes 111  (73.5)  169  (76.1)
Taller than  wide,  n  (%)  0.763
No 84  (55.6)  127  (57.2)
Yes 67  (44.4)  95  (42.8)
Distance  to  capsular  ≤0  cm,  n  (%)  0.000  1.750  1.001---3.061  0.050
No 121  (80.1)  137  (61.7)
Yes 30  (19.9)  85  (38.3)
Microcalcification,  n  (%)  0.000  1.608  0.910---2.841  0.102
No 46  (30.5)  34  (15.3)
Yes 105  (69.5)  188  (84.7)
Irregular  Margin,  n  (%)  0.129
No 37  (24.5)  40  (18.0)
Yes 114  (75.5)  182  (82.0)
Blood flow,  n  (%)  0.000  0.104
Grade 0  59  (39.1)  46  (20.7)
Grade I  53  (35.1)  93  (41.9)  1.788  1.015---3.149  0.044
Grade II  39  (25.8)  83  (37.4)  1.741  0.912---3.321  0.093
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HT, Hashimoto Thyroiditis.

atients  with  and  without  coexistent  HT  was  assessed  using
ultivariable  analysis  including  gender,  tumor  size,  ETE,

NM  and  multifocality.  Table  1  shows  that  male  (OR  =  0.233;
5%  CI  0.100---0.540;  p  =  0.001),  tumor  size  >1.0  cm  (OR  =
.512;  95%  CI  0.265---0.988;  p  =  0.046)  and  LNM  (OR  =  0.491;
5%  CI  0.272---0.885;  p  =  0.018)  were  significantly  negatively
ssociated  with  frequencies  of  PTC  with  coexistent  HT.  Nev-
rtheless,  multifocality  (OR  =  2.138;  95%  CI  1.195---3.825;

 =  0.010)  was  positively  associated  with  PTC  with  coexistent
T.

Results  of  univariate  analysis  and  multivariate  anal-

sis  for  aggressive  risk  factors  of  PTC  are  shown  in
able  2.  Clinical  (age  ≥55  years;  gender;  HT)  and
onographic  characteristics  (tumor  size  >1.0  cm;  multi-
ocality;  distance  to  capsular  ≤0  cm;  microcalcification;

0
i

i

5

lood  flow)  were  significantly  different  between  aggres-
ive  group  and  absent  group  (all  p  <  0.05).  Significant
esults  were  subjected  to  multivariate  logistic  regression
nalysis.  Age  ≥55  years  (OR  =  0.359;  95%  CI  0.213---0.604;

 =  0.000),  male  (OR  =  1.871;  95%  CI  1.075---3.254;  p =  0.027),
T  (OR  =  0.496;  95%  CI  0.279---0.882;  p  =  0.017),  tumor
ize  >1.0  cm  (OR  =  2.031;  95%  CI  1.146---3.600;  p  =  0.015),
ultifocality  (OR  =  1.770;  95%  CI  1.023---3.063;  p  =  0.041),
istance  to  capsular  ≤0  cm  (OR  =  1.750;  95%  CI  1.001---3.061;

 =  0.050)  and  blood  flow  (Grade  I:  OR  =  1.788;  95%
I  1.015---3.149;  p  =  0.044;  Grade  II:  OR  =  1.741;  95%  CI

.912---3.321;  p  =  0.093)  were  risk  factors  for  aggressiveness
n  PTC.

A  relevant  predictive  nomogram  was  established  with
ntegrated  clinical  (age  ≥55  years;  gender;  HT)  and  sono-
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Figure  3  Nomogram  for  predicting  the  aggressiveness  of  PTC  in  patients.

Figure  4  (A)  ROC  curve  analysis  of  training  cohort  for  predicting  the  aggressiveness  in  PTC  patients.  (B)  Calibration  plots  of
training cohort  for  predicting  the  aggressiveness  of  PTC  in  patients.  (C)  DCA  of  training  cohort  for  predicting  the  aggressiveness  of
PTC in  patient.  (D)  ROC  curve  analysis  of  validation  cohort  for  predicting  the  aggressiveness  in  PTC  patients.  (E)  Calibration  plots  of
validation cohort  for  predicting  the  aggressiveness  of  PTC  in  patients.  (F)  DCA  of  validation  cohort  for  predicting  the  aggressiveness
of PTC  in  patient.
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Table  3  Clinical,  pathological  and  sonographic  characteristics  in  training  cohort  and  validation  cohort.

Variables  Patients  (n  =  484)  p-value

Training
(n  =  373)

Validation
(n  =  111)

Age  ≥55  years,  n  (%)  0.087
No 280  (75.1)  92  (82.9)
Yes 93  (24.9)  19  (17.1)
Gender, n  (%)  0.426
Female 275  (73.7) 86  (77.5)
Male 98  (26.3) 25  (22.5)
Tumor size  >1.0  cm,  n  (%) 0.267
No  253  (67.8)  69  (62.2)
Yes 120  (32.2)  42  (37.8)
ETE, n  (%)  0.085
No 348  (93.3) 98  (88.3)
Yes 25  (6.7) 13  (11.7)
Gross ETE,  n  (%) 0.075
No  336  (90.1) 106  (95.5)
Yes 37  (9.9) 5  (4.5)
Multifocality,  n  (%) 0.196
No  273  (73.2) 88  (79.3)
Yes 100  (26.8) 23  (20.7)
Bilateral lesions,  n  (%)  0.074
No 302  (81.0)  98  (88.3)
Yes 71  (19.0)  13  (11.7)
LNM, n  (%)  0.642
None 163  (43.7)  49  (44.1)
N1a 184  (49.3)  57  (51.4)
N1b 26  (7.0)  5  (4.5)
Marked hypoechoic,  n  (%)  0.053
No 93  (24.9)  38  (34.2)
Yes 280  (75.1)  73  (65.8)
Taller than  wide,  n  (%)  0.422
No 211  (56.6)  58  (52.3)
Yes 162  (43.4)  53  (47.7)
Distance to  capsular  ≤0  cm,  n  (%)  0.083
No 258  (69.2)  67  (60.4)
Yes 115  (30.8)  44  (39.6)
Microcalcification,  n  (%)  0.809
No 80  (21.4)  25  (22.5)
Yes 293  (78.6)  86  (77.5)
Irregular Margin,  n  (%)  0.057
No 77  (20.6)  14  (12.6)
Yes 296  (79.4)  97  (87.4)
Blood flow,  n  (%)  0.471
Grade 0  105  (28.2)  25  (22.5)
Grade I  146  (39.1)  45  (40.5)
Grade II  122  (32.7)  41  (36.9)
HT 0.736
No 297  (79.6)  90  (81.1)
Yes 76  (20.4)  21  (18.9)
Aggressiveness  0.991
No 151  (40.5)  45  (40.5)
Yes 222  (59.5)  66  (59.5)

ETE, Extrathyroidal Extension; LNM, Lymph Node Metastasis; HT, Hashimoto Thyroiditis.
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raphic  factors  (tumor  size  >1.0  cm;  multifocality;  distance
o  capsular  ≤0  cm;  blood  flow)  to  assist  in  preoperative  pre-
icting  aggressiveness  of  PTC  (Fig.  3).  The  nomogram  each
evel  within  variables  was  assigned  a  score  according  to  the
oint  scale.  By  adding  the  total  score  and  locating  it  on
he  total  point  scale,  a  corresponding  probability  of  aggres-
iveness  of  each  individual  was  determined.  No  significant
ifferences  were  noted  in  clinical  and  sonographic  charac-
eristics  between  the  training  cohort  and  validation  cohort
Table  3).  AUC  value  of  ROC  curve  was  0.734  (0.683---0.785)  in
he  training  cohort  and  was  0.809  (0.728---0.891)  in  the  vali-
ation  cohort  (Fig.  4A  and  D).  The  C-index  of  this  nomogram
as  0.734,  indicating  that  the  nomogram  model  had  good,
redicted  accuracy.  The  calibration  curves  of  training  cohort
nd  validation  cohort  revealed  that  the  nomogram  exhibited
n  excellent  consistency  (Fig.  4B  and  E).  The  DCA  demon-
trated  that  predicting  aggressiveness  applying  this  model
ould  be  better  than  having  all  patients  or  none  patients
ith  a  range  of  the  threshold  probability  ranged  from  0.2

o  0.8  in  training  cohort,  and  from  0.2  to  1.0  in  validation
ohort  (Fig.  4C,  F).

iscussion

lthough  most  PTC  accompanied  with  an  indolent  clinical
ourse  in  patient’s  life,  it  is  of  great  significance  that  a
ew  PTC  possess  high  risk  of  tumor  invasion  and  metasta-
is,  and  even  patient  mortality.12 HT  was  firstly  described
s  autoimmune  thyroiditis  with  the  most  significant  signs  of
trophy  of  follicular  cells,  lymphocytic  infiltration,  goiter
nd  fibrosis.13 As  the  most  common  autoimmune  disease,
T  is  the  most  frequently  diagnosed  concomitant  disease

n  patients  with  PTC.8 Some  study  has  illustrated  the  vital
elationship  between  coexistent  HT  and  the  less  aggressive
linicopathologic  characteristics  in  PTC,  but  the  associa-
ion  about  prognosis  remains  controversial.  A  cohort  study
uggested  coexistent  HT  with  PTC  had  a  significant  nega-
ive  connection  with  PTC-related  mortality.14 Whether  the
elationship  between  decrease  of  aggressiveness  in  PTC
ith  coexistent  HT  is  such  of  causal  relationship  remains

o  be  illustrate.  At  present,  pathologic  characteristics  like
arge  tumor  size,  ETE,  LNM,  and  DM  have  been  considered
s  risk  factors,  maybe  an  increased  risk  of  contralat-
ral  malignancy.15 Patients  with  these  unfavorable  factors
equire  aggressive  treatment,  otherwise  low-intensity  treat-
ent  may  be  sufficient.  In  this  study,  we  determined  that
TC  was  aggressive  based  on  the  positive  pathological  find-
ngs  with  ETE,  gross  ETE,  or  LNM,  and  found  that  age  <55
ears,  male,  the  presence  of  HT,  tumor  size  >1.0  cm,  multi-
ocality,  distance  to  capsular  ≤0  cm  and  blood  flow  (Grade  I
nd  Grade  II)  were  independent  risk  predictors  for  aggressive
haracteristics  based  on  the  multivariate  logistic  regression
nalysis.

The  Central  Neck  Lymph  Node  (CLNM)  status  is  impor-
ant  for  the  treatment  strategy  of  PTC,  thus  lots  of  studies
imed  to  diagnose  LNM  preoperatively.  A  retrospective  and
ross-sectional  study  with  4131  PTC  patients  considered  HT

s  a  protective  factor  for  both  CLNM  and  Lateral  Lymph
ode  Metastasis  (LLNM)  in  PTC.16 A  series  of  prognos-
ic  studies  with  sufficiently  long  follow-up  suggested  that
ore  favorable  outcome  for  PTC  when  coexistent  HT  was

a
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etected.14 Similar  results  were  obtained  in  our  study,  PTC
ith  coexistent  TH  was  negatively  connected  with  LNM  (N1a)

p  =  0.018).  In  other  words,  coexistent  HT  had  a  protective
ffect  on  CLNM.  Grossly  apparent  invasion  of  thyroid  cancer
eyond  the  thyroid  gland  has  been  recognized  an  adverse
eature  for  decades  because  of  the  connection  with  disease
ecurrence  and  death.17 The  prevalence  of  an  ETE  was  sig-
ificantly  lower  in  patients  with  PTC  coexisted  with  HT  in  a
eta-analysis.2 Our  result  was  similar.  However,  there  was
o  association  between  HT  and  ETE  in  this  study.

Previous  studies  demonstrated  that  the  morbidity  of  PTC
s  relatively  higher  in  women,  while  the  rates  of  malignan-
ies  and  mortality  are  higher  in  men.18,19 Our  study  showed
imilar  results,  that  PTC  had  a  lower  incidence  in  male  than
n  female  either  with  coexistent  HT  or  not,  and  the  male
ex  had  a  significantly  positive  association  with  the  aggres-
iveness  of  PTC  with  coexistent  HT  (OR  =  39.453;  95%  CI
.753---887.898;  p  =  0.021).  This  may  be  related  to  the  higher
ncidence  of  HT  in  female  than  in  male.18 To  some  degree,

 lower  rate  of  HT  in  men  may  suggest  more  aggressive
ehavior  and  possibly  a  worse  prognosis.20

Sonographic  characteristics  like  tumor  size  >1.0  cm  and
ultifocality  in  this  study  were  considered  had  role  in  of
TC  coexisted  HT.  PTC  with  coexistent  HT  had  a  smaller
umor  size  (0.85  ±  0.49  cm)  than  that  PTC  absent  of  HT
1.07  ±  0.73  cm)  (p  =  0.003),  and  it  was  negatively  associ-
ted  with  tumor  size  >1.0  cm  in  this  study.  Concordant  with
ur  data,  Zhou  et  al.  demonstrated  that  the  presence  of  HT
ay  have  a  significant  protective  role  in  reducing  tumor  vol-

me,  alleviating  capsule  infiltration  and  lowering  the  chance
or  more  advanced  stages  of  differentiated  thyroid  cancer.
n  addition,  the  presence  of  HT  in  advanced  may  limit  the
umor  growth  to  the  primary  site.21 In  contrast,  Baser  et  al.
eported  that  HT  did  not  affect  sonographic  characteristics
n  patients  with  PTC.  It  is  worth  noting  that  the  sonographic
haracteristics  we  selected  out  (tumor  size  >1.0  cm  and
ultifocality)  were  not  considered  in  that  study.22 Numer-

us  studies  demonstrated  that  the  rate  of  multifocality  is
igher  in  PTC  patients  with  coexistent  HT.2,23,24 Patients  with
ultifocal  PTC  are  at  increased  risk  for  LNM,  DM,  local  recur-

ence  after  initial  treatment,  and  regional  recurrence.24,25

ogether,  these  observations  suggest  that  aggressive  sono-
raphic  characteristics  might  predict  a  poor  prognosis,  and
ggressive  treatment  should  be  considered  with  these  vital
actors.  Blood  flow,  a  common  sonographic  characteristic,
id  not  shown  any  relation  to  PTC  with  coexistent  HT  in  pre-
ious  studies.  Nevertheless,  our  study  revealed  that  blood
ow  had  an  important  correlation  with  the  aggressiveness  of
TC  for  the  first  time.  The  blood  flow  classified  into  Grade  I
r  Grade  II  were  considered  as  risk  factors  in  the  nomogram
odel,  the  total  score  would  be  higher,  and  the  correspond-

ng  probability  of  aggressiveness  of  each  individual  would  be
igher  either.

This  study  has  some  limitations.  First,  it  was  a  retrospec-
ive  study,  and  therefore,  selection  bias  was  unavoidable.
econd,  absent  LNM  was  considered  in  the  light  of  negative
esult  of  ultrasound  examination  without  histopathological
esults  in  the  present  study.  Third,  DM,  the  aggressive  char-

cteristic  was  not  considered  in  this  study  for  there  was  no
istant  metastasis  in  these  patients  until  the  retrospective
tudy  finished.
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onclusions

n  conclusion,  the  coexistent  HT  might  play  a  protective
ole  in  preventing  the  proliferation  of  PTC.  Dispensable
ggressive  treatment  may  be  reduced  in  PTC  patients  espe-
ially  coexisted  with  HT  by  pre-operative  identification  of
onographic  (HT,  tumor  size  >1.0  cm,  multifocality,  distance
o  capsular  ≤0  cm  and  blood  flow  (Grade  I  and  Grade  II)
nd  clinical  characteristics  (age  ≥55  years  and  gender)  and
ncorporating  with  the  predicted  nomogram  model.
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