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ABSTRACT 
Background and Purpose: To evaluate whether hepat.t.s B (HBV) or C (HCV) seropos.t.v.ty and 
thyro.d auto.mmun.ty are assoc.ated w.th aggress.ve h.stopatholog.cal features of pap.llary thyro.d 
carc.noma (PTC). 
Methods: Retrospect.ve cohort study of 521 pat.ents w.th h.stolog.cally conf.rmed PTC. HBV serology 
was ava.lable .n 289 pat.ents, HCV .n 292, ant.-TPO .n 175 and ant.-Tg .n 208 (complete-case 
analyses). Subgroups by serostatus, age, sex and autoant.body status were compared w.th odds 
rat.os (ORs) and 95% conf.dence .ntervals (CIs), and an exploratory mult.var.able model was f.tted for 
extrathyro.dal extens.on (ETE). 
Results: Twelve of 289 tested pat.ents (4.2%) were HBsAg-pos.t.ve and 4 of 292 (1.4%) ant.-HCV-
pos.t.ve. No assoc.at.on was detected between v.ral seropos.t.v.ty and aggress.ve features (m.n.mum 
detectable OR ≥ 4.6). Age ≤ 55 years was assoc.ated w.th central lymph node metastas.s (OR 2.42, 
95% CI 1.33–4.41), and ant.-TPO and ant.-Tg pos.t.v.ty w.th ETE (OR 3.53, 0.97–12.76; OR 2.88, 
1.07–7.79); ant.-TPO also w.th capsular .nvas.on (OR 2.25, 1.11–4.57). After adjustment, none 
rema.ned s.gn.f.cant. 
Conclus:on: In th.s cohort, no stat.st.cally s.gn.f.cant assoc.at.on was detected between HBV or HCV 
seropos.t.v.ty and aggress.ve cl.n.copatholog.cal features; g.ven the small seropos.t.ve subgroups, th.s 
.s not ev.dence of absence. Younger age and thyro.d auto.mmun.ty were not .ndependent pred.ctors. 
 
Key words: Papillary Thyroid Carcinoma; Hepatitis B; Hepatitis C; Thyroid Autoimmunity; Tumor 
Aggressiveness. 
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INTRODUCTION 
Thyro.d carc.nomas are the most common among 
endocr.ne mal.gnanc.es, and d.fferent.ated thyro.d 
carc.nomas represent the most frequently 
observed type of thyro.d cancer (1,2). Among 
d.fferent.ated thyro.d tumors, pap.llary thyro.d 
carc.noma .s the most frequently encountered 
subtype. Pap.llary thyro.d carc.noma (PTC) .s 
generally known for .ts .ndolent cl.n.cal course and 
excellent long-term surv.val rates (3).  However, a 
subset of pat.ents d.agnosed w.th PTC exh.b.t 
aggress.ve h.stopatholog.cal features—such as 
b.lateral.ty, mult.focal.ty, extrathyro.dal extens.on, 
lymphovascular .nvas.on, and part.cularly reg.onal 
lymph node metastas.s—wh.ch negat.vely .mpact 
prognos.s by .ncreas.ng the r.sk of recurrence.  
Hepat.t.s B v.rus (HBV) and hepat.t.s C v.rus 
(HCV) are chron.c .nfect.ous agents that affect 
m.ll.ons of .nd.v.duals worldw.de and are pr.mar.ly 
respons.ble for the development of c.rrhos.s and 
hepatocellular carc.noma. The.r prevalence rates 
vary s.gn.f.cantly across reg.ons of the world (4). 
Accord.ng to the nat.onw.de, large-scale TURHEP 
f.eld study, the seroprevalence of hepat.t.s B 
surface ant.gen (HBsAg) and hepat.t.s C ant.body 
[ant.-HCV] .n the general populat.on .n Turkey .s 
reported to be approx.mately 4% and 1%, 
respect.vely. Prevalence rates also vary across 
reg.ons .n our country (5). A rev.ew of the l.terature 
reveals that both HBV and HCV pos.t.v.ty affect 
numerous extrahepat.c organs and systems, 
serve as r.sk factors for var.ous mal.gnanc.es, and 
can .nduce auto.mmune d.seases (6-8). Stud.es 
.nd.cate that some v.ruses may affect the 
occurrence, progress.on, and prognos.s of thyro.d 
carc.noma. Accord.ngly, the assoc.at.on between 
thyro.d carc.nomas and Epste.n-Barr v.rus (EBV), 
human .mmunodef.c.ency v.rus (HIV), human 
pap.llomav.rus (HPV), severe acute resp.ratory 
syndrome coronav.rus 2 (SARS-CoV-2), and HCV 
has been .nvest.gated (9,10,11). Although the 
relat.onsh.p between HBV and PTC has been 
explored .n a l.m.ted number of stud.es, ava.lable 
ev.dence .nd.cates s.gn.f.cantly h.gher rates of 
central lymph node metastas.s and b.lateral.ty 
among HBV-pos.t.ve pat.ents w.th pap.llary thyro.d 
carc.noma (4). Add.t.onally, wh.le prev.ous 
research on the relat.onsh.p between v.ral 
.nfect.ons and thyro.d carc.noma has 
predom.nantly treated thyro.d mal.gnanc.es as a 
s.ngle, broad category, stud.es spec.f.cally 
focus.ng on pap.llary thyro.d carc.noma rema.n 

scarce. To address th.s gap .n the l.terature, th.s 
study a.med to evaluate the assoc.at.on of 
preoperat.ve HBV and HCV seropos.t.v.ty w.th the 
h.stopatholog.cal features of PTC at .n.t.al 
d.agnos.s. 
 
MATERIALS AND METHODS 
 
Study Des:gn and Pat:ent Populat:on 
Th.s retrospect.ve cohort (chart-rev.ew) study 
.ncluded pat.ents w.th pap.llary thyro.d carc.noma 
(PTC) who were managed .n the Endocr.nology 
and Oncology departments between January 
2010 and January 2022. Cl.n.cal and 
h.stopatholog.cal data were retrospect.vely 
extracted from the hosp.tal's electron.c med.cal 
records (EMR). The study protocol was approved 
by the Inst.tut.onal Rev.ew Board of XXXXXX 
(Approval No:2022/16-14; Approval Date: 27 Apr.l 
2022). The approval covered the retrospect.ve 
rev.ew of pat.ent records from 2010 to 2022; the 
ent.re study per.od therefore falls w.th.n the 
approved per.od. Pat.ents were .ncluded based on 
the follow.ng cr.ter.a: (.) age >18 years; (..) 
h.stopatholog.cally conf.rmed d.agnos.s of PTC; 
(...) pr.or total thyro.dectomy; and (.v) ava.lable 
preoperat.ve serolog.cal data for HBV and HCV. 
Conversely, pat.ents were excluded .f they met 
any of the follow.ng cr.ter.a: (.) age < 18 years; (..) 
h.stopatholog.cal d.agnos.s of ben.gn thyro.d 
les.ons or non-PTC mal.gnanc.es; and (...) 
.ncomplete cl.n.copatholog.cal data or surgery 
performed at external centers.  
 
Data Collect:on and Study Var:ables 
Demograph.c, h.stopatholog.cal, and preoperat.ve 
laboratory data were collected for all pat.ents. 
Laboratory parameters .ncluded serum thyro.d-
st.mulat.ng hormone (TSH), thyro.d 
autoant.bod.es (ant.-thyro.d perox.dase [ant.-TPO] 
and ant.-thyroglobul.n [ant.-Tg]), and a v.ral 
hepat.t.s panel (hepat.t.s B surface ant.gen 
[HBsAg], hepat.t.s B surface ant.body [ant.-HBs], 
hepat.t.s B core .mmunoglobul.n G [ant.-HBc IgG], 
and hepat.t.s C ant.body [ant.-HCV]). 
H.stopatholog.cal parameters extracted from 
surg.cal reports .ncluded the spec.f.c PTC subtype 
(e.g., class.cal, foll.cular var.ant, tall cell…), 
max.mum tumor d.ameter, surg.cal marg.n status, 
mult.focal.ty, b.lateral.ty, capsular .nvas.on, 
extrathyro.dal extens.on (ETE), and d.stant 
metastas.s at d.agnos.s (M-stage). Data regard.ng 
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lymph node metastas.s (LNM) .ncluded .ts 
presence, the .nvolved compartment (central vs. 
lateral), and the number of metastat.c nodes.  
Patholog.cal tumor stag.ng was performed 
accord.ng to the Amer.can Jo.nt Comm.ttee on 
Cancer (AJCC) TNM class.f.cat.on, 8th ed.t.on, 
wh.ch took effect .n January 2018 and therefore 
appl.ed to the later part of the study per.od; the 55-
year threshold .ntroduced .n that ed.t.on was 
adopted for stag.ng, and the age-strat.f.ed 
analyses compared pat.ents aged 55 years or 
younger w.th those older than 55 years (pat.ents 
aged exactly 55 years, n = 15, were ass.gned to 
the younger group). ETE was def.ned as any 
extrathyro.dal extens.on — m.croscop.c or gross 
— documented .n the def.n.t.ve h.stopathology 
report. In l.ne w.th the 8th ed.t.on, gross ETE 
.nvad.ng only the strap muscles was staged as 
T3b and .nvas.on of major neck structures as 
T4a/T4b, whereas m.croscop.c ETE alone d.d not 
alter the T stage. The terms “extrathyro.dal 
.nvas.on” and “extrathyro.dal extens.on”, used 
.nterchangeably .n the prev.ous vers.on, refer to 
the same f.nd.ng; “extrathyro.dal extens.on (ETE)” 
.s now used cons.stently throughout. Central 
and/or lateral neck d.ssect.on was not performed 
rout.nely; d.ssect.on was therapeut.c, be.ng 
undertaken only .n pat.ents w.th lymph nodes 
cons.dered susp.c.ous on preoperat.ve neck 
ultrasonography — w.th f.ne-needle asp.rat.on 
conf.rmat.on when .nd.cated — or macroscop.cally 
susp.c.ous at surgery, whereas prophylact.c 
central neck d.ssect.on was not performed .n 
cl.n.cally node-negat.ve (cN0) pat.ents. Reported 
CLNM and LLNM rates therefore reflect 
patholog.cally conf.rmed metastases among 
d.ssected pat.ents and should not be .nterpreted 
as the prevalence of occult nodal d.sease .n the 
whole cohort. Thyro.d auto.mmun.ty was def.ned 
serolog.cally as ant.-TPO and/or ant.-Tg pos.t.v.ty 
above the laboratory reference l.m.t (ant.-TPO > 
13.8 IU/mL; ant.-Tg > 4.5 U/mL); a 
h.stopatholog.cal d.agnos.s of Hash.moto’s 
thyro.d.t.s was not requ.red. 
HBV-naïve pat.ents were def.ned as those who 
were HBsAg-negat.ve, ant.-HBc IgG-negat.ve, 
and ant.-HBs-negat.ve. Resolved HBV .nfect.on 
was def.ned by HBsAg negat.v.ty and ant.-HBc 
IgG pos.t.v.ty, w.th or w.thout ant.-HBs pos.t.v.ty. 
HBsAg pos.t.v.ty was taken to .nd.cate current 
(chron.c) HBV .nfect.on; HBV DNA levels and 
HBeAg status were not ava.lable .n the med.cal 

records. Ant.-HCV pos.t.v.ty .nd.cates prev.ous 
exposure to HCV and does not by .tself establ.sh 
act.ve .nfect.on; HCV RNA results were not 
ava.lable for the ant.-HCV-pos.t.ve pat.ents, so 
act.ve HCV .nfect.on could not be conf.rmed. 
 
Stat:st:cal Analys:s 
All data analyses were executed us.ng IBM SPSS 
Stat.st.cs software for W.ndows (vers.on 32.0). 
Basel.ne cohort character.st.cs were summar.zed 
us.ng counts and proport.ons for categor.cal 
var.ables, and means ± standard dev.at.ons for 
cont.nuous var.ables. The d.str.but.on patterns of 
cont.nuous datasets were ver.f.ed through 
Shap.ro-W.lk and Kolmogorov-Sm.rnov tests. 
Based on these normal.ty checks, .nter-group 
d.fferences were computed employ.ng e.ther the 
non-parametr.c Mann-Wh.tney U test or the 
unpa.red t-test. Assoc.at.ons between categor.cal 
var.ables were exam.ned v.a F.sher’s exact test or 
Pearson’s ch.-square test, d.ctated by expected 
frequenc.es. F.sher’s exact test was appl.ed 
whenever any expected cell count was below 
f.ve—as was the case for most compar.sons 
.nvolv.ng the small HBsAg-pos.t.ve and ant.-HCV-
pos.t.ve subgroups—and the test used for each 
compar.son .s .nd.cated .n the table footnotes. 
Unadjusted odds rat.os (ORs) w.th 95% 
conf.dence .ntervals (CIs) were calculated for 2×2 
compar.sons; the Haldane–Anscombe correct.on 
(0.5 added to each cell) was appl.ed when a cell 
conta.ned zero events. For borderl.ne ch.-square 
results .nvolv.ng the small seropos.t.ve subgroups, 
F.sher’s exact test was add.t.onally reported as a 
sens.t.v.ty analys.s. To eluc.date the .nfluence of 
v.ral serology and host-related factors on tumor 
aggress.veness, the study populat.on was 
strat.f.ed by demograph.c features (sex; age ≤ 55 
vs. > 55 years), auto.mmune prof.les (ant.-
TPO/ant.-Tg presence), and v.ral hepat.t.s status 
(ant.-HCV pos.t.v.ty, resolved HBV status, and 
HBsAg pos.t.v.ty). Serolog.cal and autoant.body 
data were ava.lable for subsets of the cohort (HBV, 
289/521; HCV, 292/521; ant.-TPO, 175/521; ant.-
Tg, 208/521); analyses followed a complete-case 
approach, and the val.d denom.nator for each 
analys.s .s .nd.cated .n the correspond.ng table. To 
assess potent.al select.on b.as ar.s.ng from non-
systemat.c serolog.cal test.ng, basel.ne 
demograph.c and h.stopatholog.cal character.st.cs 
of tested and untested pat.ents were compared 
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(Supplementary Table S1). The pr.mary exposures 
were HBsAg and ant.-HCV seropos.t.v.ty, and the 
prespec.f.ed outcomes compr.sed s.x .nd.v.dual 
h.stopatholog.cal aggress.veness .nd.cators 
(mult.focal.ty, b.lateral.ty, capsular .nvas.on, ETE, 
CLNM, and LLNM); no compos.te endpo.nt was 
def.ned, and these .nd.cators were analyzed 
separately because the.r prognost.c we.ghts d.ffer. 
Analyses of demograph.c subgroups and thyro.d 
autoant.bod.es were exploratory. No formal 
adjustment for mult.ple test.ng was appl.ed; g.ven 
the number of compar.sons performed, nom.nally 
s.gn.f.cant results (p < 0.05) should be regarded 
as hypothes.s-generat.ng. Because the number of 
seropos.t.ve pat.ents was f.xed by the ava.lable 
cohort, a post-hoc sens.t.v.ty analys.s est.mated 
the m.n.mum detectable effect s.ze: w.th a two-
s.ded α of 0.05 and 80% power, the smallest 
detectable odds rat.os were approx.mately 4.6 for 
common outcomes (e.g., mult.focal.ty) and ≥ 10 for 
.nfrequent outcomes (e.g., CLNM, ETE) .n the 
HBsAg compar.sons (12 vs. 277), and ≥ 10 for all 
ant.-HCV compar.sons (4 vs. 288). Accord.ngly, 
non-s.gn.f.cant results should not be .nterpreted as 
ev.dence of absence of an effect. Furthermore, an 
exploratory mult.var.able b.nary log.st.c regress.on 
model—.nclud.ng age, sex, max.mum tumor 
d.ameter, ant.-TPO pos.t.v.ty, and ant.-Tg 
pos.t.v.ty—was constructed to exam.ne 
.ndependent determ.nants of extrathyro.dal 
extens.on (ETE); the full model est.mates are 
presented .n Table 7. G.ven the small number of 
ETE events among pat.ents w.th complete 
covar.ate data, the model .s prone to overf.tt.ng 
and .ts results are presented as exploratory. 
Separate mult.var.able models for HBsAg or ant.-
HCV serostatus were not f.tted: w.th 12 HBsAg-
pos.t.ve and 4 ant.-HCV-pos.t.ve pat.ents, and 
correspond.ngly few outcome events .n these 
subgroups, the number of events per cand.date 
var.able was far below the convent.onal m.n.mum 
of ten, so any such model would have been 
un.nterpretable. The v.ral hepat.t.s compar.sons 
are therefore reported as unadjusted analyses 
w.th odds rat.os and 95% conf.dence .ntervals. 
The threshold for stat.st.cal s.gn.f.cance was 
def.ned as a two-ta.led alpha level of 0.05 or lower. 
 
 
 
 
 

 
RESULTS 
Study Populat:on and Cl:n:copatholog:cal 
Character:st:cs 
A total of 2420 pat.ents w.th outpat.ent cl.n.c 
(Endocr.nology, Nuclear Med.c.ne  and Oncology)  
records d.agnosed w.th thyro.d cancer dur.ng the 
study per.od were screened. Follow.ng the .n.t.al 
evaluat.on, 26 ped.atr.c pat.ents, 39 pat.ents .n 
whom a thyro.d-cancer d.agnost.c code had been 
entered .n error and whose def.n.t.ve surg.cal 
pathology revealed ben.gn d.sease, and 9 pat.ents 
w.th non-PTC thyro.d mal.gnanc.es were excluded 
from the dataset. Furthermore, 1825 pat.ents were 
excluded because surgery had been performed at 
an external center (n = 432) or because of 
.ncomplete cl.n.copatholog.cal data, .nclud.ng 
unava.lable def.n.t.ve h.stopathology reports (n = 
1393). In accordance w.th the .nclus.on and 
exclus.on cr.ter.a, a total of 521 pat.ents were 
.ncluded .n the study (F.g. 1).  
 
 
 

 

F"gure 1. Flowchart of the study des.gn and pat.ent 
select.on process. Exclus.ons due to external-center 
surgery (n = 432) and .ncomplete cl.n.copatholog.cal 
data (n = 1393) are shown separately. (Abbrev.at.ons: 
PTC: pap.llary thyro.d carc.noma.) 
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Among the .ncluded cohort, 381 (73.1%) were 
female, and 140 (26.9%) were male, w.th a mean 
age of 56.93 ± 14.30 years (range: 20–94 years). 
Among the 521 .ncluded pat.ents, 207 (39.7%) 
were d.agnosed w.th pap.llary thyro.d 
m.crocarc.noma, whereas 314 (60.3%) had 
tumors larger than 1 cm. The spec.f.c h.stolog.cal 
subtypes of pap.llary carc.noma, along w.th other 
basel.ne descr.pt.ve character.st.cs, are 
summar.zed .n Table 1. W.th.n th.s cohort, 
preoperat.ve HBV serolog.cal screen.ng was 
documented .n 289 pat.ents, wh.le 232 pat.ents 
lacked HBV serology. Among those evaluated, 12 
pat.ents (4.2%) tested pos.t.ve for HBsAg. 
Add.t.onally, 20 pat.ents (6.9%) showed 
serolog.cal ev.dence of resolved HBV .nfect.on 
(test.ng negat.ve for HBsAg and pos.t.ve for ant.-
HBc IgG, regardless of ant.-HBs status). Pre-
operat.ve HCV serology was evaluated .n 292 
pat.ents, whereas 229 pat.ents were not tested. 
Among the screened group, 4 pat.ents (1.4%) 
were pos.t.ve for Ant.-HCV. Consequently, 
def.n.t.ve stat.st.cal and cl.n.copatholog.cal 
comparat.ve analyses were conducted on these 
analyzed subsets w.th ava.lable pre-operat.ve 
serolog.cal data. Basel.ne and h.stopatholog.cal 
character.st.cs of pat.ents w.th and w.thout 
ava.lable serology are compared .n 
Supplementary Table S1. The two groups were 
comparable .n age, sex, tumor s.ze, mult.focal.ty, 

b.lateral.ty, capsular .nvas.on, CLNM, LLNM and 
M1 status, but pat.ents w.thout preoperat.ve 
serology had s.gn.f.cantly h.gher rates of 
lymphovascular .nvas.on (13.6% vs. 4.5%; p < 
0.001), extrathyro.dal extens.on (11.9% vs. 4.5%; 
p = 0.002) and patholog.cal N1 d.sease (12.6% vs. 
7.3%; p = 0.040). 
Among the h.stolog.cal subtypes of pap.llary 
carc.noma, the class.cal (53.9%) and foll.cular 
var.ants (24%) predom.nated, and the coex.stence 
of both class.cal and foll.cular features was 
observed .n 9.2% of pat.ents.  
These were followed by the oncocyt.c var.ant 
(8.3%), whereas aggress.ve h.stolog.es, .nclud.ng 
tall-cell, sol.d, and d.ffuse scleros.ng var.ants, 
were extremely rare. In the study cohort, pap.llary 
thyro.d m.crocarc.nomas accounted for 39.7% (n 
= 207) of the tumors. Based on def.n.t.ve surg.cal 
pathology reports, the mean max.mum tumor 
d.ameter was 16.4 ± 14.0 mm, w.th a med.an of 12 
mm (range: 0.5–95 mm). Analys.s of tumor 
aggress.veness features revealed mult.focal 
tumor foc. .n 48.0% (n = 250) of the pat.ents and 
b.lateral .nvolvement .n 42.4% (n = 221). Tumor 
capsular .nvas.on was present .n 23.8% (n = 124) 
of the cases, wh.le extrathyro.dal extens.on (ETE) 
was observed .n 7.7% (n = 40). At the t.me of .n.t.al 
d.agnos.s, central lymph node metastas.s (CLNM) 
was detected .n 9.6% (n = 50) of the pat.ents, and 
lateral lymph node metastas.s (LLNM) .n 7.5% (n 

Table 1. Basel.ne character.st.cs of the study populat.on (n = 521) 
 

Character,st,c n (%) or value 
Age (years), mean ± SD / medIan (mIn–max) 56.9 ± 14.3 / 59 (20–94) 
Age ≤ 55 years 222 (42.6) 
Age > 55 years 299 (57.4) 
Sex, female 381 (73.1) 
Sex, male 140 (26.9) 
Pre-operatIve TSH (mIU/L), mean ± SD / medIan (mIn–
max)* 

1.9 ± 2.4 / 1.4 (0.0–32.0) 

AntI-TPO posItIve 104 (20.0) 
AntI-TPO negatIve 71 (13.6) 
AntI-TPO not tested 346 (66.4) 
AntI-Tg posItIve 78 (15.0) 
AntI-Tg negatIve 130 (25.0) 
AntI-Tg not tested 313 (60.1) 
HBsAg posItIve 12 (2.3) 
HBsAg negatIve 277 (53.2) 
HBsAg not tested 232 (44.5) 
Resolved HBV InfectIon† 20 (3.8) 
AntI-HCV posItIve 4 (0.8) 
AntI-HCV negatIve 288 (55.3) 
AntI-HCV not tested 229 (44.0) 

Percentages refer to the full cohort (n = 521). SerologIcal and autoantIbody testIng was not performed systematIcally; the “not 
tested” counts are therefore gIven explIcItly for every marker. * Pre-operatIve TSH was avaIlable In 416 patIents. † Resolved 
HBV InfectIon: HBsAg (−), antI-HBs (+/−) and antI-HBc IgG (+); corresponds to 6.9% of the 289 patIents wIth avaIlable HBV 
serology. AbbrevIatIons: SD: standard devIatIon; TSH: thyroId-stImulatIng hormone; AntI-TPO: antI-thyroId peroxIdase 
antIbody; AntI-Tg: antI-thyroglobulIn antIbody; HBV: hepatItIs B vIrus; HBsAg: hepatItIs B surface antIgen; AntI-HCV: hepatItIs 
C vIrus antIbody. 
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= 39), culm.nat.ng .n an overall patholog.cal 
reg.onal lymph node metastas.s (N1 stage) rate of 
9.6% (n = 50). D.stant organ metastas.s (M1) at 
.n.t.al presentat.on was documented .n only 1.5% 
(n = 8) of the study populat.on. Regard.ng the s.tes 
of d.stant metastas.s, the lung was the most 
frequently .nvolved organ (n = 6), followed by bone 
(n = 1) and one further s.te (n = 1). The basel.ne 
cl.n.copatholog.cal and h.stopatholog.cal 
character.st.cs of the study cohort are summar.zed 
.n Table 2. 
 
Assoc:at:on of HBV and HCV Seropos:t:v:ty 
w:th Tumor Aggress:veness  
A cl.n.copatholog.cal compar.son was performed 
between pre-operat.ve HBsAg-pos.t.ve (n = 12) 
and HBsAg-negat.ve (n = 277) pat.ents. No 
s.gn.f.cant d.fferences were observed .n the rates 
of mult.focal.ty, extrathyro.dal extens.on, or 
capsular .nvas.on.  

L.kew.se, the rates of lymphovascular and 
per.neural .nvas.on were s.m.lar between the 
groups. There was also no s.gn.f.cant d.fference .n 
central or lateral lymph node metastas.s or .n the 
overall N1 stage. The b.lateral.ty rate was lower .n 
HBsAg-pos.t.ve than .n HBsAg-negat.ve pat.ents 
(16.7% vs. 46.9%; OR 0.23, 95% CI 0.05–1.05; 
ch.-square p = 0.039; F.sher’s exact test as a 
sens.t.v.ty analys.s, p = 0.072); g.ven the small 
subgroup s.ze, th.s .solated borderl.ne f.nd.ng 
should be .nterpreted w.th caut.on. Furthermore, 
pat.ents w.th resolved HBV .nfect.on were 
compared w.th HBV-naïve pat.ents. In th.s 
compar.son the two groups were s.m.lar for tumor 
s.ze, mult.focal.ty, b.lateral.ty, lymphovascular and 
per.neural .nvas.on, ETE, CLNM, LLNM and 
patholog.cal N stage, but capsular .nvas.on was 
more frequent among pat.ents w.th resolved 
.nfect.on (30.0% vs. 11.0%; OR 3.46, 95% CI 
1.14–10.45; F.sher’s exact p = 0.033).  

Table 2. D.str.but.on of cl.n.copatholog.cal and h.stopatholog.cal features of the study cohort (n = 521) 
 

Character,st,c n (%) or value 
Tumor dIameter (mm)*, mean ± SD / medIan (mIn–max) 16.4 ± 14.0 / 12 (0.5–95) 
Tumor sIze ≤ 1.0 cm 207 (39.7) 
Tumor sIze > 1.0 cm 314 (60.3) 
HIstologIcal subtype: classIcal 281 (53.9) 
HIstologIcal subtype: follIcular 125 (24.0) 
HIstologIcal subtype: classIcal + follIcular 48 (9.2) 
HIstologIcal subtype: oncocytIc 43 (8.3) 
HIstologIcal subtype: tall cell 4 (0.8) 
HIstologIcal subtype: solId 2 (0.4) 
HIstologIcal subtype: dIffuse sclerosIng 1 (0.2) 
HIstologIcal subtype: not specIfIed 17 (3.3) 
SurgIcal margIn: negatIve 466 (89.4) 
SurgIcal margIn: posItIve 39 (7.5) 
SurgIcal margIn: not reported 16 (3.1) 
PathologIcal T stage: T1 362 (69.5) 
PathologIcal T stage: T2 121 (23.2) 
PathologIcal T stage: T3 35 (6.7) 
PathologIcal T stage: T4 2 (0.4) 
PathologIcal T stage: not avaIlable 1 (0.2) 
PathologIcal N stage: N0 469 (90.0) 
PathologIcal N stage: N1 50 (9.6) 
PathologIcal N stage: not avaIlable 2 (0.4) 
M stage: M0 511 (98.1) 
M stage: M1 8 (1.5) 
M stage: not avaIlable 2 (0.4) 
BIlateralIty 221 (42.4) 
MultIfocalIty 250 (48.0) 
Capsular InvasIon 124 (23.8) 
Lymphovascular InvasIon 44 (8.4) 
PerIneural InvasIon 6 (1.2) 
ExtrathyroIdal extensIon (ETE) 40 (7.7) 
CLNM 50 (9.6) 
LLNM 39 (7.5) 
* Tumor dIameter refers to the maxImum dImensIon of the prImary tumor focus and was avaIlable In 518 patIents. All varIables 
are reported agaInst the full cohort (n = 521); categorIes for mIssIng or unspecIfIed data are shown explIcItly so that every 
varIable sums to 521. MIssIng values for the remaInIng features were: bIlateralIty 4, multIfocalIty 5, capsular InvasIon 9, 
lymphovascular InvasIon 4, perIneural InvasIon 6, ETE 5, CLNM 4 and LLNM 4. AbbrevIatIons: CLNM: central lymph node 
metastasIs; LLNM: lateral lymph node metastasIs; ETE: extrathyroIdal extensIon; SD: standard devIatIon. 
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G.ven the small resolved-.nfect.on subgroup (n = 
20) and the number of compar.sons performed, 
th.s .solated f.nd.ng should be regarded as 
hypothes.s-generat.ng. 
S.m.larly, pre-operat.ve Ant.-HCV-negat.ve and 
Ant.-HCV-pos.t.ve pat.ents were compared 
cl.n.copatholog.cally. No s.gn.f.cant d.fferences 
were observed regard.ng the rates of mult.focal.ty 
or b.lateral.ty. Furthermore, the .nc.dences of 
extrathyro.dal extens.on, capsular .nvas.on, 
lymphovascular .nvas.on, and per.neural .nvas.on 
were comparable between the two groups. F.nally, 
no s.gn.f.cant d.fferences were found .n the rates 
of central and lateral lymph node metastas.s or the 
overall patholog.cal N1 stage. The relat.onsh.ps 
between v.ral hepat.t.s serostatus (HBV and HCV) 
and tumor aggress.veness are deta.led .n Table 3 
and Table 4, respect.vely. 
 

Impact of Host Demograph:cs and 
Background Thyro:d Auto:mmun:ty 
The study cohort was further evaluated regarding 
demographic characteristics and background 
thyroid autoimmunity. While no significant 
differences in tumor aggressiveness were 
observed between sexes, age-stratified analyses 
(≤ 55 vs. > 55 years) demonstrated that patients 
aged 55 years or younger had significantly higher 
rates of central lymph node metastasis (CLNM; 
14.2% vs. 6.4%; OR 2.42, 95% CI 1.33–4.41; p = 
0.003) and overall pathological N1 stage (12.7% 
vs. 7.4%; OR 1.82, 95% CI 1.01–3.28; p = 0.044). 
Regarding background autoimmunity, univariable 
analyses revealed that both anti-TPO and anti-Tg 
positivity were associated with extrathyroidal 
extension (ETE) (13.5% vs. 4.2%; OR 3.53, 95% 
CI 0.97–12.76; p = 0.043, and 14.1% vs. 5.4%; OR  
 

Table 3. Assoc.at.on between HBV serolog.cal status and h.stopatholog.cal aggress.veness .n pap.llary 
thyro.d carc.noma 
 

H,stopatholog,cal 
feature 

HBsAg 
negat,ve 

HBsAg 
pos,t,ve 

OR (95% 
CI)† 

p‡ Resolved 
HBV§ 

HBV-
naïve§ 

OR (95% 
CI)† 

p‡ 

Tumor sIze ≥ 1 cm 174/277 
(62.8) 

8/12 
(66.7) 

1.18 
(0.35–
4.03) 

1.000 F 15/20 
(75.0) 

87/129 
(67.4) 

1.45 
(0.49–
4.25) 

0.499 C 

PathologIcal N1 20/277 
(7.2) 

1/12 (8.3) 1.17 
(0.14–
9.51) 

0.603 F 1/20 (5.0) 9/129 
(7.0) 

0.70 
(0.08–
5.86) 

1.000 F 

MultIfocalIty 146/277 
(52.7) 

4/12 
(33.3) 

0.45 
(0.13–
1.52) 

0.188 C 9/20 
(45.0) 

69/129 
(53.5) 

0.71 
(0.28–
1.83) 

0.479 C 

BIlateralIty 130/277 
(46.9) 

2/12 
(16.7) 

0.23 
(0.05–
1.05) 

0.039 C 
¶ 

11/20 
(55.0) 

56/129 
(43.4) 

1.59 
(0.62–
4.11) 

0.332 C 

Capsular InvasIon 63/275 
(22.9) 

5/12 
(41.7) 

2.40 
(0.74–
7.83) 

0.163 F 6/20 
(30.0) 

14/127 
(11.0) 

3.46 
(1.14–
10.45) 

0.033 F 

Lymphovascular 
InvasIon 

13/277 
(4.7) 

0/12 (0.0) — 1.000 F 1/20 (5.0) 7/129 
(5.4) 

0.92 
(0.11–
7.88) 

1.000 F 

PerIneural 
InvasIon 

2/277 
(0.7) 

0/12 (0.0) — 1.000 F 0/20 (0.0) 1/129 
(0.8) 

— 1.000 F 

ETE 13/277 
(4.7) 

0/12 (0.0) — 1.000 F 0/20 (0.0) 6/129 
(4.7) 

— 1.000 F 

CLNM 24/277 
(8.7) 

0/12 (0.0) — 0.608 F 1/20 (5.0) 13/129 
(10.1) 

0.47 
(0.06–
3.80) 

0.694 F 

LLNM 17/277 
(6.1) 

1/12 (8.3) 1.39 
(0.17–
11.41) 

0.545 F 1/20 (5.0) 7/129 
(5.4) 

0.92 
(0.11–
7.88) 

1.000 F 

Data are expressed as n/valId N (%); denomInators dIffer slIghtly between rows because of varIable-specIfIc mIssIng data. 
Bold p-values IndIcate statIstIcal sIgnIfIcance (p < 0.05). † Unadjusted odds ratIo (HBsAg-posItIve vs. -negatIve; resolved vs. 
naïve). The Haldane–Anscombe correctIon (0.5 added to each cell) was applIed when a cell contaIned no events; “—” 
IndIcates that the estImate was not Interpretable because one group had no events. ‡ C: Pearson’s chI-square test (all 
expected counts ≥ 5); F: FIsher’s exact test (any expected count < 5). The test used Is IndIcated next to each p-value. ¶ 
BIlateralIty, HBsAg-posItIve vs. -negatIve: the mInImum expected count was 5.5, so Pearson’s chI-square test applIes under 
the prespecIfIed rule (p = 0.039). As a sensItIvIty analysIs, FIsher’s exact test gIves p = 0.072; gIven the very small HBsAg-
posItIve subgroup (n = 12) thIs Isolated result Is Interpreted wIth cautIon. § Resolved HBV InfectIon: HBsAg (−), antI-HBs 
(+/−), antI-HBc IgG (+), n = 20. HBV-naïve: HBsAg (−), antI-HBs (−) and antI-HBc IgG (−), n = 129. PatIents wIth Isolated antI-
HBs posItIvIty (vaccIne-Induced ImmunIty) were not Included In eIther group. AbbrevIatIons: CLNM: central lymph node 
metastasIs; LLNM: lateral lymph node metastasIs; ETE: extrathyroIdal extensIon; HBsAg: hepatItIs B surface antIgen; HBV: 
hepatItIs B vIrus; OR: odds ratIo; CI: confIdence Interval. 
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2.88, 95% CI 1.07–7.79; p = 0.030, respectively).  
Additionally, anti-TPO positivity was associated 
with significantly higher rates of tumor capsular 
invasion (35.6% vs. 19.7%; OR 2.25, 95% CI 
1.11–4.57; p = 0.023), whereas anti-Tg positivity 
was associated with a significantly lower 
proportion of tumors measuring >1 cm (51.3% vs. 
66.2%; OR 0.54, 95% CI 0.30–0.96; p = 0.034).  

The stratified analyses of tumor aggressiveness 
features by age and sex and by thyroid 
autoantibody status are presented in Tables 5 and 
6, respectively. To determine whether the 
variables identified as significant in univariable 
analyses act as independent risk factors for ETE, 
a multivariable binary logistic regression model 
was constructed; the full model estimates (ORs, 
95% CIs, and p-values) are presented in Table 7.  

Table 4. Assoc.at.on between HCV serolog.cal status and h.stopatholog.cal aggress.veness .n pap.llary thyro.d 
carc.noma 

H,stopatholog,cal 
feature 

Ant,-HCV negat,ve Ant,-HCV pos,t,ve OR (95% CI)† p‡ 

Tumor sIze ≥ 1 cm 172/288 (59.7) 3/4 (75.0) 2.02 (0.21–19.69) 0.652 F 
PathologIcal N1 24/288 (8.3) 0/4 (0.0) — 1.000 F 
MultIfocalIty 149/288 (51.7) 1/4 (25.0) 0.31 (0.03–3.02) 0.359 F 
BIlateralIty 132/288 (45.8) 1/4 (25.0) 0.39 (0.04–3.83) 0.628 F 
Capsular InvasIon 66/286 (23.1) 2/4 (50.0) 3.33 (0.46–24.12) 0.235 F 
Lymphovascular 
InvasIon 

16/288 (5.6) 0/4 (0.0) — 1.000 F 

PerIneural InvasIon 2/288 (0.7) 0/4 (0.0) — 1.000 F 
ETE 15/288 (5.2) 0/4 (0.0) — 1.000 F 
CLNM 26/288 (9.0) 0/4 (0.0) — 1.000 F 
LLNM 21/288 (7.3) 0/4 (0.0) — 1.000 F 

Data are expressed as n/valId N (%). Because only four patIents were antI-HCV-posItIve, every comparIson used FIsher’s 
exact test and all results are descrIptIve and hypothesIs-generatIng only. † Unadjusted odds ratIo (antI-HCV-posItIve vs. -
negatIve), wIth the Haldane–Anscombe correctIon where a cell contaIned no events; “—” IndIcates that the estImate was 
not Interpretable. ‡ F: FIsher’s exact test. AbbrevIatIons: CLNM: central lymph node metastasIs; LLNM: lateral lymph node 
metastasIs; ETE: extrathyroIdal extensIon; AntI-HCV: hepatItIs C vIrus antIbody; OR: odds ratIo; CI: confIdence Interval. 

 
 
Table 5. Strat.f.ed analys.s of tumor aggress.veness features by age and sex 

Feature Age ≤ 55 
years 

Age > 55 
years 

OR (95% 
CI)† 

p‡ Male Female OR (95% 
CI)† 

p‡ 

Tumor sIze 
≥ 1 cm 

134/222 
(60.4) 

180/299 
(60.2) 

1.01 
(0.71–
1.44) 

0.971 C 90/140 
(64.3) 

224/381 
(58.8) 

1.26 
(0.84–
1.88) 

0.256 C 

PathologIcal 
N1 

28/221 
(12.7) 

22/298 
(7.4) 

1.82 
(1.01–
3.28) 

0.044 C 18/139 
(12.9) 

32/380 
(8.4) 

1.62 
(0.88–
2.99) 

0.122 C 

MultIfocalIty 107/218 
(49.1) 

143/298 
(48.0) 

1.04 
(0.74–
1.48) 

0.806 C 67/139 
(48.2) 

183/377 
(48.5) 

0.99 
(0.67–
1.46) 

0.945 C 

BIlateralIty 91/219 
(41.6) 

130/298 
(43.6) 

0.92 
(0.65–
1.31) 

0.638 C 60/139 
(43.2) 

161/378 
(42.6) 

1.02 
(0.69–
1.52) 

0.907 C 

Capsular 
InvasIon 

49/216 
(22.7) 

75/296 
(25.3) 

0.86 
(0.57–
1.31) 

0.489 C 38/137 
(27.7) 

86/375 
(22.9) 

1.29 
(0.83–
2.01) 

0.261 C 

ETE 21/218 
(9.6) 

19/298 
(6.4) 

1.57 
(0.82–
2.99) 

0.172 C 15/139 
(10.8) 

25/377 
(6.6) 

1.70 
(0.87–
3.34) 

0.117 C 

CLNM 31/219 
(14.2) 

19/298 
(6.4) 

2.42 
(1.33–
4.41) 

0.003 C 14/139 
(10.1) 

36/378 
(9.5) 

1.06 
(0.56–
2.04) 

0.852 C 

LLNM 20/219 
(9.1) 

19/298 
(6.4) 

1.48 
(0.77–
2.84) 

0.241 C 15/139 
(10.8) 

24/378 
(6.3) 

1.78 
(0.91–
3.51) 

0.090 C 

HBsAg 
posItIvIty§ 

6/121 
(5.0) 

6/168 
(3.6) 

1.41 
(0.44–
4.48) 

0.560 C 4/79 (5.1) 8/210 
(3.8) 

1.35 
(0.39–
4.60) 

0.741 F 

AntI-HCV 
posItIvIty§ 

0/120 
(0.0) 

4/172 
(2.3) 

— 0.146 F 1/78 (1.3) 3/214 
(1.4) 

0.91 
(0.09–
8.91) 

1.000 F 

Data are expressed as n/valId N (%); denomInators dIffer between rows because of varIable-specIfIc mIssIng data. Bold p-
values IndIcate statIstIcal sIgnIfIcance (p < 0.05). PatIents aged exactly 55 years (n = 15) were assIgned to the younger group; 
the strata are therefore ≤ 55 and > 55 years. † Unadjusted odds ratIo (≤ 55 vs. > 55 years; male vs. female). ‡ C: Pearson’s 
chI-square test; F: FIsher’s exact test (any expected count < 5). § Serology rows are restrIcted to patIents wIth the 
correspondIng test avaIlable; the denomInator shown Is the number tested wIthIn each stratum. AbbrevIatIons: CLNM: central 
lymph node metastasIs; LLNM: lateral lymph node metastasIs; ETE: extrathyroIdal extensIon; AntI-HCV: hepatItIs C vIrus 
antIbody; HBsAg: hepatItIs B surface antIgen; OR: odds ratIo; CI: confIdence Interval. 
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After adjusting for potential confounding factors—
including age, sex, maximum tumor size, anti-
TPO, and anti-Tg positivity—none of the variables 
remained statistically significant (all p > 0.05). 
Adjusted odds ratios were 1.84 (95% CI 0.42–
7.97) for anti-TPO positivity and 2.54 (95% CI 
0.69–9.35) for anti-Tg positivity.  

 
The model was fitted in the 147 patients (28.2% of 
the cohort) with complete data for all five 
covariates, among whom 14 ETE events were 
observed; the events-per-variable ratio was 
therefore low (2.8), the model as a whole was not 
statistically significant (omnibus χ² = 5.20, df = 5, 
p = 0.392; Nagelkerke R² = 0.074), and these 

Table 6. Strat.f.ed compar.son of tumor aggress.veness features accord.ng to thyro.d autoant.body status 
 

Feature Ant,-TPO 
pos,t,ve 

Ant,-TPO 
negat,ve 

OR (95% 
CI)† 

p‡ Ant,-Tg 
pos,t,ve 

Ant,-Tg 
negat,ve 

OR (95% 
CI)† 

p‡ 

Tumor sIze 
≥ 1 cm 

61/104 
(58.7) 

43/71 
(60.6) 

0.92 
(0.50–
1.71) 

0.801 C 40/78 
(51.3) 

86/130 
(66.2) 

0.54 
(0.30–
0.96) 

0.034 C 

PathologIcal 
N1 

8/104 
(7.7) 

4/71 (5.6) 1.40 
(0.40–
4.82) 

0.764 F 6/78 (7.7) 9/130 
(6.9) 

1.12 
(0.38–
3.28) 

0.836 C 

MultIfocalIty 57/104 
(54.8) 

41/71 
(57.7) 

0.89 
(0.48–
1.63) 

0.701 C 49/78 
(62.8) 

68/130 
(52.3) 

1.54 
(0.87–
2.73) 

0.139 C 

BIlateralIty 53/104 
(51.0) 

31/71 
(43.7) 

1.34 
(0.73–
2.46) 

0.343 C 38/78 
(48.7) 

55/130 
(42.3) 

1.30 
(0.74–
2.28) 

0.368 C 

Capsular 
InvasIon 

37/104 
(35.6) 

14/71 
(19.7) 

2.25 
(1.11–
4.57) 

0.023 C 25/78 
(32.1) 

37/130 
(28.5) 

1.19 
(0.64–
2.18) 

0.584 C 

ETE 14/104 
(13.5) 

3/71 (4.2) 3.53 
(0.97–
12.76) 

0.043 C 11/78 
(14.1) 

7/130 
(5.4) 

2.88 
(1.07–
7.79) 

0.030 C 

CLNM 10/104 
(9.6) 

5/71 (7.0) 1.40 
(0.46–
4.30) 

0.550 C 9/78 
(11.5) 

8/130 
(6.2) 

1.99 
(0.73–
5.39) 

0.170 C 

LLNM 7/104 
(6.7) 

2/71 (2.8) 2.49 
(0.50–
12.35) 

0.314 F 4/78 (5.1) 6/130 
(4.6) 

1.12 
(0.31–
4.09) 

1.000 F 

Data are expressed as n/valId N (%). Bold p-values IndIcate statIstIcal sIgnIfIcance (p < 0.05). ThyroId autoantIbodIes were 
measured In a subset of the cohort: antI-TPO In 175 of 521 patIents (104 posItIve, 71 negatIve; 346 not tested) and antI-Tg In 
208 of 521 patIents (78 posItIve, 130 negatIve; 313 not tested). These analyses are therefore restrIcted to the tested subgroups 
and are exploratory. † Unadjusted odds ratIo (antIbody-posItIve vs. -negatIve). ‡ C: Pearson’s chI-square test; F: FIsher’s exact 
test (any expected count < 5). For the antI-TPO/ETE comparIson the mInImum expected count was 6.9, so chI-square applIes 
(p = 0.043); FIsher’s exact test as a sensItIvIty analysIs gIves p = 0.066. AbbrevIatIons: CLNM: central lymph node metastasIs; 
LLNM: lateral lymph node metastasIs; ETE: extrathyroIdal extensIon; AntI-TPO: antI-thyroId peroxIdase antIbody; AntI-Tg: antI-
thyroglobulIn antIbody; OR: odds ratIo; CI: confIdence Interval. 

 
 
Table 7. Mult.var.able b.nary log.st.c regress.on for the pred.ct.on of extrathyro.dal extens.on (exploratory) 
 

Var,able Adjusted OR† 95% CI p 
Age (per 1 year) 0.99 0.95–1.03 0.650 
Male sex (vs. female) 0.96 0.27–3.41 0.952 
MaxImum tumor dIameter 
(per 1 mm)¶ 

1.02 0.97–1.06 0.500 

AntI-TPO posItIvIty (vs. 
negatIve) 

1.84 0.42–7.97 0.415 

AntI-Tg posItIvIty (vs. 
negatIve) 

2.54 0.69–9.35 0.162 

The model was fItted In the 147 patIents (28.2% of the cohort) wIth complete data for all fIve covarIates, among whom 14 
ETE events were observed. Model fIt: omnIbus test χ² = 5.200, df = 5, p = 0.392; −2 log lIkelIhood = 87.260; Cox & Snell R² 
= 0.035; Nagelkerke R² = 0.074; overall classIfIcatIon accuracy 90.5%. NeIther any IndIvIdual covarIate nor the model as a 
whole reached statIstIcal sIgnIfIcance. † In the SPSS model the last category of each categorIcal varIable served as the 
reference; the estImates above have been re-expressed so that every comparIson runs In the same dIrectIon as Tables 5 
and 6. Model coeffIcIents: antI-TPO-negatIve vs. posItIve B = −0.609 (SE 0.748); antI-Tg-negatIve vs. posItIve B = −0.931 
(SE 0.665); female vs. male B = 0.039 (SE 0.645); age B = −0.009 (SE 0.020); tumor dIameter B = 0.015 (SE 0.022); constant 
B = −1.356 (SE 1.297). ¶ Tumor dIameter was modelled In mIllImetres, consIstent wIth Table 2; expressed per centImetre the 
correspondIng estImate Is OR 1.16 (95% CI 0.75–1.80). WIth 14 events and fIve covarIates the events-per-varIable ratIo Is 
2.8; the model Is therefore prone to overfIttIng and Is reported for transparency only. AbbrevIatIons: OR: odds ratIo; CI: 
confIdence Interval; ETE: extrathyroIdal extensIon; AntI-TPO: antI-thyroId peroxIdase antIbody; AntI-Tg: antI-thyroglobulIn 
antIbody. 
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adjusted estimates should be interpreted as 
exploratory. This suggests that neither thyroid 
autoantibodies nor the evaluated demographic 
parameters were independent predictors of ETE in 
our cohort. 
 
DISCUSSION 
In the present study, we investigated the 
association between pre-operative HBV and HCV 
seropositivity and clinicopathological 
aggressiveness in a cohort of 521 patients with 
papillary thyroid carcinoma. To our knowledge, 
this is one of the few studies to evaluate both HBV 
and HCV serology, together with thyroid 
autoimmunity status, within a cohort restricted 
specifically to PTC rather than differentiated 
thyroid carcinoma as a whole. Overall, neither 
HBV nor HCV seropositivity was consistently 
associated with more aggressive tumor 
characteristics in our cohort, whereas younger 
age and thyroid autoantibody positivity appeared 
to be more closely linked to aggressive disease 
features. 
The relationship between HBV infection and PTC 
has been examined in only a limited number of 
studies, with conflicting results. For instance, an 
analysis of 569 PTC patients demonstrated that 
HBsAg positivity was significantly associated with 
higher rates of bilaterality (36.9% vs. 25.2%) and 
central lymph node metastasis (71.4% vs. 60.0%). 
Furthermore, multivariate modeling within the 
same cohort identified HBsAg positivity as an 
independent predictor of central lymph node 
metastasis (adjusted OR, 1.80; 95% CI, 1.03–
3.14) (4). In contrast, our study found no 
s.gn.f.cant d.fferences between HBsAg-pos.t.ve 
and HBsAg-negat.ve pat.ents .n mult.focal.ty, 
extrathyro.dal extens.on, capsular .nvas.on, 
lymphovascular or per.neural .nvas.on, or 
central/lateral lymph node metastas.s; notably, 
b.lateral.ty was s.gn.f.cantly lower .n the HBsAg-
pos.t.ve group (ch.-square p = 0.039; sens.t.v.ty 
analys.s w.th F.sher’s exact test, p = 0.072), .n 
contrast to the d.rect.on reported by Zhong et al. 
Furthermore, when pat.ents w.th serolog.cal 
ev.dence of resolved HBV .nfect.on were 
compared to HBV-na.ve pat.ents, the only 
d.fference reached was a h.gher rate of capsular 
.nvas.on .n the resolved-.nfect.on group (30.0% vs. 
11.0%; OR 3.46, 95% CI 1.14–10.45; p = 0.033), 
w.th no d.fferences .n any other h.stopatholog.cal 
aggress.veness .nd.cator; w.th only 20 pat.ents .n 

the resolved group th.s .solated result .s most 
plaus.bly a chance f.nd.ng among the many 
compar.sons performed and requ.res 
conf.rmat.on. Our f.nd.ng of lower b.lateral.ty 
among HBsAg-pos.t.ve pat.ents contrad.cts 
prev.ous reports; however, the very small s.ze of 
our HBsAg-pos.t.ve subgroup (n = 12) 
substant.ally l.m.ts the stat.st.cal power of th.s 
.nference. It .s h.ghly probable that th.s .solated, 
borderl.ne f.nd.ng reflects a chance assoc.at.on 
ar.s.ng from the l.m.ted sample s.ze and the 
number of compar.sons performed rather than a 
true b.olog.cal effect. Furthermore, desp.te the 
small number of .nfected cases, the HBsAg 
seropos.t.v.ty rate observed .n our study cohort .s 
cons.stent w.th reg.onal ep.dem.olog.cal data, 
spec.f.cally support.ng the f.nd.ngs of the TURHEP 
study, wh.ch reported an HBsAg seropos.t.v.ty rate 
of 2.3% .n the Aegean reg.on (5). Beyond sample 
s.ze constra.nts, the cons.derable .ncons.stency 
across stud.es .n the l.terature may also reflect 
d.fferences .n the HBV markers exam.ned, 
reg.onal HBV endem.c.ty, v.ral genotype 
d.str.but.on, and the spec.f.c cl.n.cal outcomes 
measured (e.g., overall r.sk of mal.gnancy vs. 
w.th.n-tumor aggress.veness). 
Data regarding HCV and thyroid carcinoma are 
similarly heterogeneous. A comprehensive meta-
analysis of over 750,000 individuals initially 
showed no significant relationship between HCV 
infection and thyroid cancer risk (RR 2.09, 95% CI 
0.78–5.64). However, this association reached 
statistical significance once a single highly 
heterogeneous study was excluded from the 
analysis (RR 2.86, 95% CI 1.63–5.03) (10).  A 
subsequent meta-analysis by Wang et al. reported 
a markedly elevated risk of thyroid cancer among 
HCV-infected individuals (summary OR 16.36, 
95% CI 4.65–57.62), alongside an increased risk 
of thyroid disease more broadly (summary OR 
1.80) (12).  In our cohort, however, Anti-HCV 
positivity was not associated with any of the 
clinicopathological aggressiveness parameters 
examined. This discrepancy likely stems, in part, 
from a fundamental difference in study design and 
research question: whereas most published meta-
analyses address whether HCV infection 
increases the risk of developing thyroid 
carcinoma, our study evaluated whether HCV 
serostatus modifies tumor aggressiveness among 
patients already diagnosed with PTC — a distinct 
and less-studied question. In addition, the 
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extremely small number of Anti-HCV-positive 
patients in our cohort (n = 4), reflecting the low 
background HCV seroprevalence in Turkey 
(approximately 1%, per the TURHEP study) (5), 
severely limits statistical power and precludes any 
meaningful conclusion regarding a true absence 
of association. 
Consistent with much of the existing literature, 
patients aged 55 years or younger in our cohort 
had significantly higher rates of central lymph 
node metastasis and overall N1 disease. This 
finding aligns with recent data from Duan et al., 
who, in a cohort of 540 PTC patients with 
coexisting Hashimoto's thyroiditis, identified age 
below 45 years as an independent risk factor for 
central lymph node metastasis (adjusted OR 2.95) 
(13).  S.m.larly, Gao et al. reported that younger 
age was s.gn.f.cantly assoc.ated w.th central 
lymph node metastas.s .n a un.var.ate analys.s 
among 296 PTC pat.ents; however, th.s 
assoc.at.on lost .ts .ndependent s.gn.f.cance after 
adjust.ng for tumor s.ze and other covar.ates (14). 
Regard.ng thyro.d auto.mmun.ty, pos.t.v.ty for both 
ant.-TPO and ant.-Tg was assoc.ated w.th 
extrathyro.dal extens.on (ETE) .n un.var.able 
analyses. Add.t.onally, ant.-TPO pos.t.v.ty was 
assoc.ated w.th h.gher capsular .nvas.on rates. At 
f.rst glance, these results appear to contrad.ct the 
large meta-analys.s by Tang et al. (15). They 
reported that Hash.moto's thyro.d.t.s (HT) had a 
"protect.ve" effect aga.nst ETE and lymph node 
metastas.s, desp.te promot.ng mult.focal.ty and 
b.lateral.ty. However, our f.nd.ngs al.gn more 
closely w.th recent stud.es that evaluate TgAb and 
TPOAb .ndependently, rather than treat.ng HT as 
a s.ngle ent.ty. For .nstance, Duan et al. (13) and 
Gao et al. (14) both demonstrated that TgAb 
pos.t.v.ty .ncreases the r.sk of central lymph node 
metastas.s. These data h.ghl.ght that TgAb and 
TPOAb can exert h.ghly d.vergent effects on tumor 
behav.or w.th.n the same populat.on. Notably, the 
d.rect.on of the ant.-Tg assoc.at.ons was not 
un.form w.th.n our own data e.ther: ant.-Tg 
pos.t.v.ty was assoc.ated w.th a h.gher rate of ETE 
but w.th a lower proport.on of tumors larger than 1 
cm, a pattern partly compat.ble w.th the 
“protect.ve” effect attr.buted to Hash.moto’s 
thyro.d.t.s and a further argument aga.nst treat.ng 
“aggress.veness” as a s.ngle construct. However, 
.t .s cr.t.cal to note that although un.var.able 
analyses l.nked these autoant.bod.es to 
extrathyro.dal extens.on (ETE), th.s assoc.at.on 

was no longer stat.st.cally s.gn.f.cant .n our 
mult.var.able model. Adjust.ng for covar.ates such 
as age and tumor s.ze revealed that ETE .s l.kely 
mult.factor.al rather than an .ndependent 
consequence of a s.ngle autoant.body. 
Furthermore, our study def.ned auto.mmun.ty 
solely by autoant.body seropos.t.v.ty, rather than a 
def.n.t.ve cl.n.cal or h.stolog.cal d.agnos.s of HT. 
Th.s methodolog.cal d.fference l.kely captures an 
earl.er or more heterogeneous auto.mmune 
populat.on, partly expla.n.ng why our f.nd.ngs 
d.verge from the trad.t.onally reported 'protect.ve' 
pattern of HT. F.nally, a notable l.m.tat.on of our 
analys.s .s the concurrent ant.-TPO and ant.-Tg 
pos.t.v.ty .n a subset of pat.ents, wh.ch further 
compl.cates .solat.ng  Future stud.es could 
reconc.le the two approaches by comb.n.ng 
preoperat.ve autoant.body t.tres w.th the 
systemat.c rev.ew of the thyro.dectomy spec.mens 
for chron.c lymphocyt.c thyro.d.t.s, so that 
serolog.cally and h.stolog.cally def.ned 
auto.mmun.ty can be analyzed both separately 
and .n comb.nat.on; th.s would clar.fy whether the 
d.vergent effects reported for TgAb and TPOAb 
reflect d.st.nct b.olog.cal processes or merely 
d.fferent stages of the same d.sease.the 
.ndependent effect of each autoant.body. 
Overall, our f.nd.ngs suggest that host- and 
.mmune-related factors—namely, younger age 
and thyro.d auto.mmun.ty—are more cons.stent 
pred.ctors of tumor aggress.veness than chron.c 
v.ral hepat.t.s. However, we cannot exclude a 
smaller, populat.on-spec.f.c v.ral effect. Our study 
may have been underpowered to detect th.s due 
to the very low prevalence of act.ve HBV (4.2%) 
and HCV (1.4%) .nfect.ons, though these rates 
strongly al.gn w.th nat.onal ep.dem.olog.cal data 
(5). Indeed, our sens.t.v.ty analys.s .nd.cated that 
only very large effects (m.n.mum detectable OR ≥ 
4.6 for HBsAg and ≥ 10 for ant.-HCV compar.sons) 
could have been detected w.th the ava.lable 
subgroup s.zes. 
Th.s study has several notable strengths. F.rst, .t 
features a relat.vely large, h.stolog.cally conf.rmed 
PTC-spec.f.c cohort, unl.ke pr.or stud.es that 
pooled mult.ple thyro.d cancer h.stotypes. Second, 
our comprehens.ve HBV panel allowed us to 
stat.st.cally evaluate not only pat.ents w.th act.ve 
chron.c HBV (HBsAg-pos.t.ve) but also those w.th 
resolved .nfect.ons and acqu.red .mmun.ty. F.nally, 
the s.multaneous assessment of both v.ral 
hepat.t.s markers and thyro.d auto.mmun.ty w.th.n 
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a s.ngle cohort addresses a s.gn.f.cant gap .n the 
current l.terature. 
Th.s study has several l.m.tat.ons. F.rst, .ts 
retrospect.ve, s.ngle-center des.gn .s .nherently 
suscept.ble to select.on b.as. In part.cular, the lack 
of preoperat.ve serolog.cal test.ng among 
approx.mately 45% of the cohort may have 
.ntroduced systemat.c b.as. Th.s concern .s 
substant.ated by our own compar.son of tested 
and untested pat.ents (Supplementary Table S1): 
although the two groups were s.m.lar .n age, sex 
and most tumor character.st.cs, pat.ents w.thout 
serology had s.gn.f.cantly more lymphovascular 
.nvas.on, extrathyro.dal extens.on and nodal 
d.sease. The serolog.cally character.zed subgroup 
therefore under-represents the most aggress.ve 
tumors, wh.ch both l.m.ts the general.zab.l.ty of the 
v.ral hepat.t.s analyses and further reduces the.r 
power to detect assoc.at.ons w.th aggress.ve 
h.stopatholog.cal features. Second, the very small 
number of .nfected pat.ents (HBsAg-pos.t.ve n = 
12, Ant.-HCV-pos.t.ve n = 4) substant.ally l.m.ts 
stat.st.cal power and precluded the use of 
mult.var.ate regress.on models spec.f.cally for the 
v.ral hepat.t.s subgroups. Th.s .ncreases the r.sk 
of Type II errors and spur.ous assoc.at.ons. Th.rd, 
the absence of v.ral load (HBV DNA, HCV RNA) 
and genotype data precludes the evaluat.on of a 
relat.onsh.p between v.ral repl.cat.on and tumor 
aggress.veness. Fourth, thyro.d autoant.body 
results were ava.lable .n only a subset of pat.ents 
(ant.-TPO, 175/521; ant.-Tg, 208/521), and 
ant.body test.ng—l.ke v.ral serology—may have 
been requested select.vely, further l.m.t.ng these 
exploratory analyses. F.fth, a large number of 
un.var.able compar.sons were performed w.thout 
adjustment for mult.ple test.ng, and some 
nom.nally s.gn.f.cant f.nd.ngs may represent 
chance. S.xth, lymph node d.ssect.on was not 
performed systemat.cally .n all pat.ents, so CLNM 
and LLNM rates partly reflect surg.cal select.on 
rather than the true prevalence of nodal 
metastas.s. F.nally, the absence of long.tud.nal 
follow-up data precludes the evaluat.on of long-
term outcomes such as recurrence, recurrence-
free surv.val, and d.sease-spec.f.c surv.val; 
accord.ngly, our f.nd.ngs perta.n exclus.vely to 
h.stopatholog.cal features at .n.t.al d.agnos.s and 
carry no d.rect prognost.c .mpl.cat.on. Seventh, 
the study per.od spans a change .n the stag.ng 
system, s.nce the AJCC 8th ed.t.on took effect .n 
January 2018; T-stage ass.gnment may therefore 

not be str.ctly un.form across the cohort, although 
the age threshold and the aggress.veness 
features analyzed here were appl.ed cons.stently.  
Ult.mately, we detected no assoc.at.on between 
background HBV or HCV seropos.t.v.ty and 
h.stopatholog.cal aggress.veness .n pat.ents w.th 
PTC; g.ven the small seropos.t.ve subgroups, th.s 
should not be construed as def.n.t.ve ev.dence of 
no effect. Wh.le v.ral seropos.t.v.ty showed no 
s.gn.f.cant assoc.at.on, basel.ne factors such as 
younger age and underly.ng thyro.d auto.mmun.ty 
appeared to be more closely assoc.ated w.th 
aggress.ve tumor features. It .s .mportant to note, 
however, that the relat.vely low background rate of 
v.ral hepat.t.s .n our reg.on restr.cts the stat.st.cal 
strength of these v.ral f.nd.ngs. Mov.ng forward, 
large-scale mult.center stud.es that track v.ral 
loads and long-term surv.val w.ll be essent.al to 
fully understand whether these chron.c v.ruses 
truly .nfluence the prognos.s of thyro.d cancer. 
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Supplementary Table S1. Basel.ne and h.stopatholog.cal character.st.cs of pat.ents w.th and w.thout 
preoperat.ve HBV serology 
 

 
Data are expressed as n/valid N (%) unless otherwise indicated; denominators differ between rows because of variable-specific 
missing data. Bold p-values indicate statistical significance (p < 0.05). Groups are defined by the availability of preoperative HBsAg 
testing.  * Mann–Whitney U test (age was not normally distributed; Shapiro–Wilk p < 0.01 in both groups). All other comparisons 
used Pearson’s chi-square test, except M1 status, for which Fisher’s exact test was applied. Patients without preoperative serology 
had significantly higher rates of lymphovascular invasion, extrathyroidal extension and pathological N1 disease; age, sex, tumor 
size, multifocality, bilaterality, capsular invasion, CLNM, LLNM and M1 status did not differ significantly. This is addressed in the 
Limitations. Abbreviations: SD: standard deviation; CLNM: central lymph node metastasis; LLNM: lateral lymph node metastasis; 
HBV: hepatitis B virus; HBsAg: hepatitis B surface antigen. 
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