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Abstract: extrathyroidal invasion (ETI) of papillary thyroid cancer (PTC) is a risk factor for lo-
coregional metastasis. The clinical significance of minimal ETI depending on the primary tumor size
has not been studied thoroughly. The combination of tumor diameter and minimal ETI can be used as
a reliable prognostic factor for persistence of the disease. Given that the identification of the minimal
ETl is possible only during the final histopathological study, there is a need to assess the existing pre-
operative clinical predictors that increase the probability of minimal ETI of PTC. The aim of the study
is to assess preoperative clinical predictors that increase the probability of minimal extrathyroidal
invasion of papillary thyroid cancer. A retro-prospective single-center study of preoperative clinical
predictors that increase the probability of extrathyroidal invasion of thyroid cancer was conducted.
Data from 514 patients aged 5 to 81 years were processed. Patients underwent surgery for papillary
thyroid cancer for the first time. Scope of the operation: extrafascial thyroidectomy. Central neck
dissection. Lymphadenectomy. All patients had clinical signs of low risk of recurrence. The mean
age of patients was 44.4 = 14.5 years. There were 91 men (17.7%) and 423 women (82.3%). Patients
were divided into two groups: group 1 with 169 patients with minimal extraorganic invasion aged 5
to 71 years, group 2 with 345 patients without invasion aged 10 to 81 years. The following features
were taken into account for the analysis: 1) age of patients, 2) their sex; 3) the size of the dominant
tumor. The results were statistically processed using a specialized statistical program StatPlus Pro
v.7 (AnalystSoft Inc.) and Epitools statistical calculators (Ausvet, https://epitools.ausvet.com.au/).
According to the results, both by age (mean age of patients in group I - 44.7 £ 14.4 years, mean
age of patients in group 2 - 44.3 + 14.6 years) and by sex (in group 1 — 30 men (17.8%), 139 women
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(82.2%), in group 2 — 61 men (17.7%), 284 women (82.3%), the groups were almost identical, both
groups were significantly (p <0.01) dominated by women. The size of the primary tumor in group
1-15.0(10.0; 20.0) mm - was statistically significantly higher (p <0.001) than in the second - 10.0
(7.0; 15.0) mm. Most of patients (71.0%) with invasion had a primary tumor size > 10 mm, while in
group 2 there were only 42.6% of such patients. Within the size ranges up to 10 mm, the probability
of detection of invasion is 14.0% - 21.6%, while within the size ranges over 10 mm, it may be 41.9% -
50.0%. A tumor size of PTC over 10 mm, with a diagnostic strength of 61.9%, increases the risk of
minimal extrathyroidal invasion. The average size of the primary tumor in the group of patients with
minimal ETI is 15.0 (10.0; 20.0) mm, which is statistically significantly higher (p <0.001) than the
same value in the group of patients without EIT - 10.0 (7.0, 15.0) mm. In patients with a PTC tumor
size of less than 10 mm, the probability of minimal ETI ranges from 14.0% to 21.6%, while the prob-

ability of minimal ETI in patients with a tumor size over 10 mm ranges from 41.9% to 50.0%. Given

that minimal ETI may be one of the factors of increased risk of PTC locoregional metastasis, surgery
for PTC patients with a tumor size over 10 mm should be supplemented with central neck dissection,

lymphadenectomy. A tumor size of PTC over 10 mm, with a diagnostic strength of 61.9%, increases
the risk of minimal extrathyroidal invasion, which is also an argument in favor of central neck dis-

section, lymphadenectomy during surgery for patients with tumor size over 10 mm. The patients’age
and sex cannot be the factors that increase the risk of minimal extrathyroidal invasion of papillary

thyroid cancer.

Key words; papillary thyroid cancer, prognostic factor, metastasis, risk factors.

Introduction

Papillary thyroid carcinoma (PTC) is the most
common malignancy of a thyroid gland; and al-
though PTC has an excellent prognosis, metasta-
sis to central lymph nodes is a common phenom-
enon. Studies have shown that metastases to the
central lymph node basin are connected with an
increased recurrence rate (Huseyin Celik, Ozgur
Akgul, et al. 2017).

Extrathyroidal invasion (ETI) is defined as
the spread of a primary tumor beyond the thyroid
capsule and invasion of surrounding structures
(e.g. prethyroid muscle, trachea, larynx, vascu-
lar network, esophagus, and recurrent laryngeal
nerve). Extrathyroidal dilatation is well recog-
nized as an important adverse prognostic factor
and is used in several stage systems, including
EORTC (European Organization Research Treat-
ment Cancer), TNM classification, DeGroot et al,
AGES (age, grade, ETE and size), AMES (age,
metastases, ETE and size), and MACIS (metasta-
ses, age, completeness of resection, invasion and
size) (Amanda Hu, MD, Jonathan Clark, Richard
J. Payne, 2007).

ETI is a risk factor for PTC locoregional me-
tastasis (Lishchynskyi P.O., et al., 2021). At the
same time, patients with broad ETI have a higher

risk of recurrence as compared to the patients with
minimal ETI or thyroid tissue invasion (Zeming
Liu, Yihui Huang, Sichao Chen, 2019).

Although minimal ETI may be a factor of in-
creased risk of recurrence in patients with papil-
lary thyroid cancer (Yin De-Tao.Yu, et al. 2016),
however, the increased risk is not high in absolute
terms, and in NO patients the risk of recurrence
is within the low-risk category of 3.5%. Minimal
ETTI has no effect on disease-related mortality and
it should not alter the stage of the malignancy
(Talia Diker-Cohen, et al. 2018).

It is a common knowledge that tumor size is
also an important factor in staging the process ac-
cording to the TNM classification. Larger tumors
are prone to aggressive growth (Wei Sun et al.,
2015).

The combination of tumor diameter and min-
imal ETI can be used as a reliable prognostic
factor for persistence and can be easily used in
clinical practice for the treatment of PTC patients
with low or moderate risk of recurrence or per-
sistence of the disease (Raffaella Forleo, et al.
2021). However, the clinical significance of min-
imal ETI depending on the primary tumor size
has not been studied thoroughly (Lihua Liu et al.
2018).
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Moreover, given that the identification of the
minimal ETI is possible only during the final
histopathological study (Amanda Hu, MD, et al.
2007), there 1s a need to assess the existing preop-
erative clinical predictors that increase the proba-
bility of minimal ETI of papillary thyroid cancer
in adipose tissue.

Aim

To assess preoperative clinical predictors that
increase the probability of minimal extraorganic
invasion of papillary thyroid cancer.

Methods

A retro-prospective single-center study of
preoperative clinical predictors that increase the
probability of extraorganic invasion of thyroid
cancer was conducted. Data from 514 patients
aged 5 to 81 years were processed. Patients un-
derwent surgery for papillary thyroid cancer for
the first time. Scope of the operation: extrafas-
cial thyroidectomy. Central neck dissection.
Lymphadenectomy. At the preoperative stage, all
patients underwent ultrasound of the neck with

Philips HD 11 XE and a linear probe with a fre-
quency of 3-12 MHz. All patients had clinical
signs of low risk of recurrence. The mean age
of patients was 44.4 + 14.5 years. There were 91
men (17.7%) and 423 women (82.3%). Patients
were divided into two groups: group 1 with 169
patients with minimal extraorganic invasion aged
5 to 71 years, group 2 with 345 patients without
invasion aged 10 to 81 years.

The following features were taken into ac-
count for the analysis: 1) age of patients; 2) their
sex; 3) the size of the dominant tumor.

The results were statistically processed using
a specialized statistical program StatPlus Pro v.7
(AnalystSoft Inc.) and Epitools statistical calcu-
lators (Ausvet, https://epitools.ausvet.com.au/).

The results of calculations for numerical
data series that were subject to the normal law
of distribution were presented as mean (M) and
standard deviation (SD), in other cases - median
(Me) and the first and third quantiles (Q1; Q3).
For the operational characteristics obtained from

Fig. 1. Box plot for the ‘primary tumor size’.
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Fig. 2. ROC curve for the ‘primary tumor size’.

the ROC analysis, 95% confidence interval (CI)
was given.

Student’s parametric criterion for independent
groups and, in other cases, the non-parametric
Mann-Whitney test were used to compare data
series that were subject to the normal law of dis-
tribution. Particle comparison was performed us-
ing Fisher’s angular transformation.

When performing ROC analysis, the area un-
der the ROC curve was determined by the D. De-
long’s method.

Results

According to the study results, both by age
(mean age of patients in group 1 - 44.7 + 144
years; mean age of patients in group 2 - 44.3 £
14.6 years) and by gender (in group 1 - 30 men
(17.8%), 139 women (82.2%), in group 2 - 61
men (17.7%), 284 women (82.3%), the groups

were almost identical, both groups were signifi-
cantly (p <0.01) dominated by women.

The size of the primary tumor in group 1 - 15.0
(10.0; 20.0) mm - was statistically significantly
higher (p <0.001) than in group 2 - 10.0 (7.0;
15.0) mm, which is clearly shown on the box
plots (‘whiskers’ were determined by the Tukey
method) (Fig. 1).

Availability of such differences encouraged us
to conduct an ROC analysis to determine the ap-
propriate cut-off value to decide on the differen-
tiation of these groups of patients. The obtained
ROC curve is shown on Fig. 2.

Area under AUC curve = 0.665 (95% CI:
0.617; 0.713), which corresponds to the average
quality of the model.

In the case where it is necessary to ensure the
best ratio of sensitivity and specificity, which is
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determined using the Youden index, which was 0.284 in our study, the
cut-off value was > 10 mm (decision rule: X> T). So, the sensitivity was of sensitivity and specific-
0.710 (95% CI: 0.642; 0.778), and the specificity was 0.574 (95% CI:

0.522; 0.626).

o

-1 ~

0.8

0.6
]

Sensitivity/Specificity
0.4

0.2

0.0

== Sensitivity
\ — Specificity

T T T T

10

Test Result
Fig. 3. Sensitivity and specificity graphs.
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The greatest proximity

ity (approximately 0.635),
which may serve as another
criterion for choosing the
cut-off value, i1s achieved
when the primary tumor
size 1s about 12-13 mm as
illustrated by graphs on
Fig. 3.

With a cut-off value >
12 mm, the sensitivity of
0.621 (95% CI: 0.544;
0.695) and the specificity
of 0.652 (95% CI: 0.599;
0.702) are achieved.

It should be noted that
the vast majority of patients
(71.0%) with invasion had
a primary tumor size > 10
mm, while in group 2 there
were only 42.6% of such
patients.

The incidence of fat in-
vasion averages 0.329 or
32.9% (169 cases out of
514). However, it signifi-
cantly depends on the pri-
mary tumor size, which
1s well illustrated by the
combined diagram in Fig.
4. Within the size ranges
up to 10 mm, the probabil-
ity of detection of invasion
1s 14.0% - 21.6%, while
within the size ranges over
10 mm, it may be 41.9% -
50.0%.

In general, almost half
of the patients (48.1 %)
in the study groups had a
primary tumor size of <10
mm.

Another criterion in
decision-making may be
predetermined sensitivity,
specificity or other char-
acteristics of the test. For
example, choosing cut-off
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Cut-off Prognostic Prognostic Overall
value, Sensitivity Specificity significance of a significance of a diagnostic
mm positive test result | positive test result strength, %
>8 0,858 (0,796; 0,907) | 0,409 (0,356; 0,463) | 0,416 (0,390; 0,442) | 0,855 (0,799; 0,897) | 55,6 (51,2; 60,0)

0,427 (0,398; 0,456)

0,844 (0,792; 0,885)

53,4 (51,2; 62,1)

0,449 (0,411; 0,488)

0,802 (0,758; 0,839)

61,9 (57.,5; 66,1)

0,450 (0,409; 0,492)

0,787 (0,746; 0,823)

62,3 (57,9; 66,5)

0,467 (0,421; 0,513)

0,779 (0,741; 0,812)

64,2 (59,9; 68,4)

0,456 (0,406; 0,507)

0,755 (0,720; 0,787)

63,6 (59,3; 67.8)

>9 | 0,828 (0,763; 0,882) | 0,455 (0,402; 0,510)
>10 [ 0,710 (0,635;0,772) | 0,574 (0,520; 0,627)
>11 [ 0,667 (0,592;0,739) | 0,600 (0,546; 0,652)
>12 [ 0,621 (0,544; 0,695) | 0,652 (0,599; 0,702)
>13  [0,550 (0,472; 0,627) | 0,678 (0,626; 0,727)
>14 | 0,527 (0,449; 0,604) | 0,710 (0,659; 0,758)

0,471 (0,417; 0,526)

0,754 (0,720; 0,785)

64,2 (60,7; 69,1)

Table 1. Test performance (with CI of 95%) for some cut-off value

values in the range from 9 to 15 mm, one can
vary the test sensitivity from 0.858 to 0.527 when
changing the specificity from 0.409 to 0.710 (Ta-
ble 1).

Discussion

According to our data, minimal extraorganic
invasion may be one of the factors of increased
risk of locoregional metastasis of papillary thy-
roid cancer (p <0.01), with a diagnostic strength
of 64.8% (Lishchynskyi P.O. et al., 2021).

The sensitivity of preoperative diagnostic
imaging methods does not allow us to detect
extraorganic invasion of primary tumor of pap-
illary thyroid cancer at the microscopic level (in
adipose tissue), therefore we assessed the relation
between preoperative characteristics such as the
patient’s age, sex, the size of the primary tumor
with the incidence of minimal extraorganic inva-
sion.

According to the results of the study, both by
age and sex, the groups were almost identical. At
the same time, the average size of the primary tu-
mor in group 1 was 15.0 (10.0; 20.0) mm, which
is statistically significantly higher (p <0.001) as
compared to the same indicator in group 2 - 10.0
7.0; 15.0) mm. When building the ROC curve,
the area under AUC curve = 0.665, which cor-
responds to the average quality of the model.
Within the size ranges up to 10 mm, the proba-
bility of detection of invasion is 14.0% - 21.6%,
while within the size ranges over 10 mm, it may
be 41.9% - 50.0%.

Tumor size of papillary thyroid cancer over 10
mm, with the diagnostic strength of 61.9%, in-

creases the risk of minimal extrathyroidal inva-
sion, while tumor size over 12 mm increases the
risk of minimal extrathyroidal invasion with the
diagnostic strength of 64.2%.

The results of our study are similar to the re-
sults obtained by the colleagues from China in the
study: “Predictors for central lymph node metas-
tases in CNO papillary thyroid microcarcinoma
(mPTC): A retrospective analysis of 1304 cases”,
which reported that the presence of metastases
in central cervical lymphatic nodes is associated
with tumor size (> 0.5 cm), capsular and extra-
thyroidal invasion (Qiang Zhang, et al. 2019).

Conclusions

The average size of the primary tumor in the
group of patients with minimal ETI is 15.0 (10.0;
20.0) mm, which is statistically significantly high-
er (p <0.001) than the same value in the group of
patients without ETI - 10.0 (7.0; 15.0) mm.

In patients with a tumor size of less than 10
mm, the probability of minimal extraorganic in-
vasion ranges from 14.0% to 21.6%, while the
probability of minimal ETI in patients with a
PTC tumor size over 10 mm ranges from 41.9%
to 50.0%.

Given that minimal ETI may be one of the fac-
tors of increased risk of locoregional metastasis,
surgery for patients with a tumor size over 10 mm
should be supplemented with central neck dissec-
tion, lymphadenectomy.

A tumor size of PTC over 10 mm, with a di-
agnostic strength of 61.9%, increases the risk of
minimal extrathyroidal invasion, which is also
an argument in favor of central neck dissection,
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lymphadenectomy during surgery for patients
with tumor size over 10 mm.

According to our data, the patients’ age and
sex cannot be the factors that increase the risk of
minimal extraorganic invasion of papillary thy-
roid cancer.
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KuiniuHi npeauKkTopu MiHiMaJIbHOI €KCTPATHPEOIAHOI iIHBa3il NANIAPHOIO paKy
M TONOAIOHOI 32J103H Y "KMPOBY KJIITKOBHHY

Jlimuucbkuii [Masao', [Mansamapuyk Bonogumup', Masyp Ouer', Kyu Bosogumup?,

3emckoB Cepriii®, ToBkaii Onexcanap?, IponoB Ouexkciii®

'Bignin ennokpunnoi xipyprii YHITHEX TEOIT, Kuis, Ykpaina

2Bigain indopmariiitno-kommiotepuaux TexHonorii HIDIT im. @.T. SInoscekoro HAMHY, Kuis,
VYkpaina

3 TIpopekTop 3 HayKOBOT poOOTH Ta iHHOBaIlii HanioHaneHOro MeanyHoro yHiepcurety iM. O.0.
Bboromonsus, Kuis, Ykpaina

* Mupexrop YHIILIEX TEOIT, Kuis, Ykpaina

> Kadenpa 3aranproi xipyprii Nel HanionaneHoro meanvnoro yHiepeutety iM. O.0.
Bboromonsis, Kuis, Ykpaina

Address for correspondence:

Lishchynskyi Pavlo
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Amnoranis: Excrparupeoinna inBasis (ETI) maninsproro paxy murtonozionoi 3ano3u (ITPLI3) €
(hakTopoM pHU3UKY JOKOperioHapHoro meractasyBanHs. Kiiniune 3HaueHHs MiHiManbHOT ETI 3amex-
HO BiJ pO3Mipy MEPBUHHOI MyXJUHHU He Oyno noOpe BuBdeHO. KoMOiHallis aiamMeTpa MyXJIMHU Ta
MiHiManbHOI ETI, Moxke OyTH BUKOpHCTaHa SIK HaJIHUI MPOTHOCTUYHUHN (haKTOp JJI MEPCUCTEHII]
3axBoproBaHHsA. BpaxoBytouu Te, mo BusiBieHHs MiHiManbHOi ETI MoxiuBe nume mig vac ocra-
TOYHOTO MATOTICTOJIOTTYHOTO JOCIIIKEHHSI, BUHUKAE HEOOX1HICTh OIIIHKY HAsSBHUX JOOMEPaIliiHuX
KIHIYHUX TPETUKTOPIB, SKi MiABUINYIOTh WMoBipHicTh MiHIMansHOiI ETI ITPII3. Ouiantu goome-
pariiiHi KIiHIYHI NPEeIUKTOPH, K1 MIJBUIIYIOTh HMOBIPHICTh MIHIMAJIbHOI €KCTPAOPTaHHOI 1HBa31i
NanuIIPHOTO paKy MUTONOAIOHOT 3am03u. [IpoBeneHo peTpo-NMpoCIeKTUBHE MOHOLIEHTPOBE, J0CTi-
JOKEHHS NIepeionepaliitHiX KIHIYHUX PEAUKTOPIB, U0 MiABUILYIOTh HMOBIPHICTh €KCTPAaOpraHHOI
iHBa3il paky muTonoaioHoi 3ano3u. OnparpoBaHo naHi 514 namieHTiB y Biui Bix 5 10 81 pokis.
XBopi Breplile MpooIepoBaHi 3 MPUBOLY MaNISPHOTO paKy MUTONOAI0HOT 3a103u. O6cAT onepartii:
exctpadacuiagbHa TupeoinekroMis. Llenrpanpna nucekuis mui. Jlimpagenekromis. Bei xBopi manu
KJIIHIYH1 03HaK{ HU3bKOTO PU3UKY PELMANBY 3aXBoproBaHHs. CepeHiii BiK MalleHTIB CTAHOBUB 44,4
+ 14,5 pokis. YonosikiB — 91 (17,7 %), xinok — 423 (82,3 %). Ilamientu Oynu po3moAisiieHi Ha JBi
rpynu: 1 rpyna — 169 XxBopux 3 MiHIMaJIBHOIO €KCTPAOPTraHHOO 1HBa31€10 Yy Billl Bix 5 10 71 pokiB. (;
2 rpyna — 345 xBopux 0e3 iHBa3ii y Bii Bix 10 1o 81 poxy [l mpoBeaeHHs aHai3y BpaxoBYBaIUCh
Taki o3Haku: 1) Bik; 2) cTaTh; 3) po3Mip TOMIHAHTHOI MyXJIUHU. CTaTUCTUYHY 00pOOKY OTpUMaHUX
pe3ynbTariB 3A1HCHIOBAIH 32 IOMIOMOT0I0 Creliaii3oBaHoi craTucTuuHoi nporpamu StatPlus Pro v.7
(AnalystSoft Inc.) Ta cratuctTnuanx kanpkynaropiB Epitools (Ausvet, https://epitools.ausvet.com.
au/). 3a pe3yabraTaMu JOCIIJKEHHS, K 3a BIKOM (cepenHiil Bik mamieHtiB 1 rpynu — 44,7 + 14,4
POKIB; cepeaHil Bik naiieHTiB 2 rpynu — 44,3 + 14,6 pokiB), Tak 1 3a TeHJIepHOI0 03HaKoo (y 1 rpymi
yosoBikiB — 30 (17,8 %), xiHok — 139 (82,2 %); y 2 rpyni vonosikiB — 61 (17,7 %), xinok — 284
(82,3 %), rpynu Oyiu MpakTHYHO TOTOXKHI. B 060X rpynax noctoBipHo (p<0,01) nmepeBakaiu KIHKH.
Po3mipu nepBunHOi myxsmHU y 1-i rpyni — 15,0 (10,0; 20,0) MM — Oyiu CTAaTUCTUYHO 3HAYYIIO BHUIL
(p<0,001), mixx y apyriit — 10,0 (7,0; 15,0) mm. [lepeBaxkna Oinbmricts xBopux (71,0 %) 3 iHBa3i€r0
MaJId pO3MipH MEPBUHHOI MyXJIMHU >10 MM, HATOMICTh Yy Tpyi 2 TaKUX XBOpUX Oyio auiie 42,6 %.
¥V nianazonax po3mipis 0 10 MM, KMOBIpHICTb BUSIBIIEHHS 1HBa31i cTaHOBUTH B11 14,0 % 10 21,6 %,
HATOMICTh Yy Jiama3oHax po3MipiB Ounbinux 3a 10 MM, BOHa KoJMBaeThes y Mexax Bix 41,9 % no
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50,0 %. Posmip nmyxmuau [TPI3 Ginpmre 10 mm, 3 giarHocTHuHOIO edekruBHICTIO 61,9%, mMinBU-
IIy€ PU3HK MIHIMAJIBHOI eKCTpaTupeoinHoi inBasii. CepeaHiit po3Mip MEPBUHHOI MyXJIUHHA Y TPy
narieHTiB 3 miiMansHoo ETI — 15,0 (10,0; 20,0) MM, mo cratuctaaHo 3Havymio Butie (p<0,001)
3a 1e¥ moka3Huk y rpymi namiedTiB 6e3 ETI — 10,0 (7,0; 15,0) mm. V narieHTiB 3 po3MipoM IyXJIu-
uu [1PI3 menmoro 3a 10 mm, iimoBipHicTh BusiBineHHs MiHiManbHoi ETI cranoButs Bix 14,0% o
21,6%, naroMicTh KUMOBIpHICTH BUsiBIeHHs MiHIManbHOT ET] y manientis 3 myxnunoto [TPI3 6inb-
moro 3a 10 mm, cknagae Bin 41,9% mo 50,0%. BpaxoByrouu te, mo minimansHa ETI moxe ciryryBaru
OJTHUM 13 (paKTOpiB MiABUIIEHOTO PU3UKY JIOKOperioHabHOrO MetacTazyBanHs [IPIL3, mamienTam,
3 po3mipom myxiunu [1PI3 6inpiie 10 MM, ornepatuBHE BTpy4YaHHS CIIiJ IOTIOBHIOBATH LIEHTPAJIb-
HOIO AMCEKII€Ero mui, TiMmbanaeHekromiero. Posmip myxmaunu [TPI3 6inbmre 10 MM, 3 11arHOCTUYHOIO
edpexTuBHICTIO 61,9%, MiaBUIIYE PU3UK MiHIMAIBHOT €KCTPATUPEOiNHOT iHBa31i, 1[0 TAKOXK € apry-
MEHTOM Ha KOPUCTh BUKOHAHHS IICHTPAJIBHOI UCEKIIiT muT, TiM(aaeHEKTOMIi i1 4ac ONepaTuBHOTO
BTPYYaHHs JJIs MALi€HTIB 3 po3MipoM myxiauHu Ounbmie 10 MM. Bik 1 cTaTh XBOpUX HE MOXKYTH CITy-
ryBatu (pakTopaMu, 110 MiABUIIYIOTh PU3UK MIHIMAJILHOT €EKCTpAaOpraHHOI 1HBA311 MamiIIPHOTO paKy
LU TOIIOAI0HOT 3aJI03H.

Kuro4oBi cj10Ba: maniyisspHUil pak IUTONOMIOHOT 371031, PAKTOPH PU3HKY, METACTa3H, POTHOC-
THUYHUH (HaKTOp.
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